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PREFACE. 


In  the  preparation  of  the  following  work  I  have  very  largely 
profited  by  the  valuable  labours  of  my  predecessors  Major  Stoney 
and  Captain  Jones^  Royal  Artillery,  whose  "  Text  Book  of  Rifled 
Ordnance  *'  constitutes  the  backbone  as  it  were  of  this  Treatise, 
some  chapters  being  taken  in  great  part  from  the  Text  Book. 

I  have,  however,  found  it  necessary  to  introduce  a  great  deal  of 
new  matter,  to  leave  out  much  information  that  has  now  lost  its 
interest,  and  to  make  an  entirely  new  arrangement  of  the  contents. 

The  question  of  the  materials  used  for  manufacture  and  the 
theoretical  considerations  of  construction  are  rather  more  fully 
entered  into,  while  a  separate  chapter  has  been  devoted  to  the 
question  of  siojhts  and  fittings  for  R.M.L.  guns,  which  have  so 
increased  of  late  years  in  number,  that  further  explanation  was 
required  of  details  which  necessarily  become  more  complicated  as 
our  ordnance  increase  in  size  and  accuracy  of  shooting. 

The  various  natures  of  sights  used  in  the  service  are  given  in  a 
tabular  form,  which  I  hope  will  be  found  of  much  convenience  in 
Royal  Artillery  District  offices,  by  Firemasters  and  Inspectors  of 
Warlike  Stores,  and  generally  by  all  officers  having  charge  of 
ordnance. 

Tables  showing  the  comparative  value  of  field  guns,  &c.  at  various 
typical  epochs  are  also  added ;  these  may  serve  as  landmarks  to 
show  how  great  our  progress  has  been  of  late  years,  and  how  we 
are  still  going  forward  in  search  of  perfection. 

All  the  necessary  information  regarding  S.B.  ordnance'**'  has  also 
been  embodied  in  this  Treatise,  so  that  an  artillery  officer  need 
only  have  a  single  book  to  refer  to  for  information  regarding  any 
gun  whatever  with  which  he  may  have  to  do. 

Lastly,  in  order  to  keep  pace  in  some  degree  with  that  increase 
in  knowledge,  and  interest  in  the  study,  of  artillery  which  each 
year  developes  itself  still  more,  a  chapter  has  been  added  at  the 
end  of  the  Treatise  which  will  enable  any  officer  to  work  out 
for  himself  ordinary  questions  regarding  the  power  of  our  own  and 
foreign  ordnance.  In  this  chapter  advantage  has  been  taken  of 
the  valuable  additions  to  artillery  science  rendered  by  Captain 
A.  Noble,  F.R.S.,  (late  R. A.,) Professor  Abel,  F.R.S.,  and  Professor 
Bashforth,  B.D.,  from  whose  works  the  tables  given  at  pp.  363-59 
have  been  taken.     With  regard  to  the  formulte  and  mathematioal 

*  Epitomized  from  Notes  on  S.B.  Ordnance,  1874,  which  were  prepared  hy  me  from 
former  nottfs  by  Captain  Molony  (late  R.A.)  and  Major  Stoney,  K.A. 
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terminology  here  and  elsewhere  in  the  book,  I  am  much  indebted 
to  ray  friend  Mr.  Greenhill,  Professor  of  Mathematics  to  the 
Advanced  Class  of  artillery  officers,  who  has  kindly  corrected 
the  same  where  necessary. 

This  Treatise  is  adapted  for  use  more  particularly  by  artillery 
and  other  officers  who  wish  to  enter  somewhat  into  the  theory* 
and  into  the  details  of  construction-  For  Royal  Artillery  offices?, 
&c.,  and  for  instruction  of  non-commissioned  officers  and  men,  an 
^^ Abridged  Treatise  "  ha>*  been  prepared,  in  which  theoretical  ques- 
tions are  touched  upon  as  little  as  possible,  but  which  will  prove 
sufficient  for  all  purposes  of  reference  with  regard  to  the  ordnance 
actually  in  this  service,  and  the  details  of  their  equipment,  as  well 
as  for  what  should  be  practically  known  concerning  the  examina- 
tion, repair,  and  preservation  of  guns,  and  the  preparation  of  all 
necessary  returns  relating  to  them. 

I  cannot  close  this  short  preface  without  expressing  the  oblif^a- 
tion  I  am  under  to  my  assistant  instructors.  Sergeant  Major  White, 
R.  A.,  and  Quarter  Master  Sergeant  Ashworth,R.  A.,  in  the  prepara- 
tion of  this  Treatise  for  the  press ;  to  Sergeant  Major  White  I  am  in 
particular  indebted  for  the  ability  with  which  he  has  completed 
the  tables  of  sights,  &c.,  which  tables  I  am  confident  will  be  found 
a  very  useful  addition  to  the  book. 

John  F.  Owen,  Captain  RA, 

Instruction  Rooms,  R.Q.F.,  Captain  instructor,  Boyal  Gun 

April  1877.  Factories, 


*  A  mere  outline  of  theory,  however,  is  given.  OflBcers  wishing  to  study  that  part  of 
the  subject  of  gun  construction  may  well  relier  to  such  works  as  Mullot'b  "  Construction 
of  Artillery/*  Holley*s,  "  Ordnance,  and  Armour,"  the  works  of  Major  (now  Col.) 
Sir  W.  Palliscr,  and  others  of  more  recent  date. 
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METALS  USED  IN  GUN  MANUFACTURE, 


Late  advances  in  metallurgy. — Fhyaloal  propertlea  of  metals  generally. — 
Malleability.— Brittlene88.--Ductility.— Softness.— Soft  steel.— Hard  steel.— 
Toughness. — Tenacity. — Tensile  strength. — Elasticity. —Elastic  limit.— Modes  of 
measuring  tenacity  and  elasticity. — Metals  used  for  construction  of  ordnance. 
— Bronme.— Its  advantages  and  disadvantages. — Tin  spots.— Bronze  no  longer 
used  for  gun  construction  in  our  senrice,  but  still  employed  by  some  foreign 
nations. — Attempts  to  improve  bronze.— Phosphor  bronze. — Italian  experi- 
ments.— Russian  experiments. — Uchatius  bronze  steel. — Austrian  experiments. — 
Zroa. — Different  forms  of  cast  iron. — Wrought  iron  and  steel. — Impurities 
in  cast  iron. — ^Distinctive  qualities. — Advantages  and  disadvantages. — Suitable 
for  S.B.  guns. — ^Its  employment  by  foreign  nations. — Wrought  iron. — How 
obtained. — Fibrous  structure. — Impurities. — Physical  properties. — Welding. — 
Malleability.— Ductility.— Tenacity.— Elastic  limit.— Summary  of  properties.— 
Why  used  for  the  exterior  of  our  guns. — Tests  applied  to  wrought  iron  for  guns. — 
SteeL — Definition.  —Chemical  and  structural  difference  between  steel  and  wrought 
iron. — Puddled  or  cement  steeL — Cast  steel. — Crucible  steel. — Siemens  steel. — 
Siemens-Martin  steel. — ^Bessemer  steel. — Flaws  in  wrought  iron. — Steel  free  from 
flaws. — Uncertainty  of  steel. — Remedies  tried  to  overcome  it. — Tests  applied  to 
steel  for  gun  purposes. — Summary  ms  to  the  gun  metals. 


Prior  to  discussing  the  theoretical  and  practical  considerations  which  Necessity  for 
govern  the  construction  of  ordnance,  and  before  describing  the  processes  understanding 
of  actual  manufacture,  it  is  necessary  to  know  what  metals  are  employed  *^®  physical 
in  such  manufacture,  and  what  are  the  properties  they  possess  which  JJ^^ls.  '^*  ° 
make  them  suitable  for  the  purposes  required.     With  regard  to  these 
properties,  we  must  have  a  clear  and  definite  knowledge  of  their  com- 
parative values,  of  the  methods  employed  to  measure  the  limits  of  these 
values,  and  of  the  manner  in  which  they  may  best  be  utilised  for  gun 
construction. 

Metallurgy  has  of  late  made  such  wonderful  advances,  that  in  no  Rapid  strides 
branch  of  scientific  knowledge  has  progress  been  more  rapid  than  in  p  metallurgy 
the  art  of  obtaining  metals  from  their  ores  and  of  working  them  subse-  ^  recent  year 
quently.    It  is,  however,  the  physical  treatment  of  metals  after  separation 
nrom  these  ores  which  more  especially  concerns  us,  and  in  this  we  find 
that  the  greatest  advances  have  been  made.    It  would  be  out  of  place 
here  to  enter  upon  this  interesting  subject  in  detail.     Officers  wishing  to 
obtain  full  information  concemmg  it  may  study  with  advantage  the 
works  mentioned  below,*  as  weU  as  many  otner  valuable  treatises 
recently  published. 

•  Metallnrffy,  by  John  Percy,  M.D.,  F.R.S.    Metals,  their  Properties  and  Treat- 
ment,  by  Prolmor  Blozam. 
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Here,  however,  we  need  only  discuss  briefly  the  qualities  of  the  metals 
which  are  employed  for  the  manufacture  of  guns,  and  allude  in  a  few 
words  to  the  methods  of  production  by  which  such  qualities  are  largely 
modified. 

Physical  Properties  of  Metals. 

The  qualities  with  which  we  are  more  particularly  concerned  arc  the 
physical  properties  of  malleability,  ductility,  hardness  or  softness, 
toughness,  elasticity,  and  tensile  strength,  while  we  must  also  under- 
stand what  is  meant  by  tenacity  and  elastic  limit  as  applied  to  metals. 

McdleabilUy  is  the  property  of  being  permanently  extended  in  all 
directions  without  rupture  by  pressure  (as  in  rolling)  or  by  impact  (as 
in  hammering).  It  is  opposed  to  brittleness^  which  is  the  tendency  to 
break  more  or  less  readily  under  compression  either  gradual  or  sudden. 

Ductility  is  the  property  of  permanently  extending,  or  drawing  out, 
by  traction,  as  in  wire  drawing. 

A  metal  is  said  to  be  soft  when  it  yields  easily  to  compression  without 
breaking,  and  does  not  return  to  its  original  form  on  the  removal  of  the 
compressing  stress. 

These  terms  are,  of  course,  only  comparative ;  thus  we  have  hard 
leads  and  soft  leads,  while  any  sort  of  lead  whatever  is  soft  as  compared 
with  wrought  iron,  which  latter  again  is  called  soft  when  we  compare  it 
with  cast  iron. 

Steel  is  called  soft  or  low  when  the  proportion  of  carbon  contained  in 
it  is  small,  and  hard  or  high  when  the  contrary  is  the  case,  because 
when  treated  in  a  similar  manner  one  variety  is  much  harder  than  the 
other.  It  should,  however,  be  remembered  that  a  tolerably  soft  steel 
Diay  be  made  very  hard  by  tempering. 

It  is  easy  to  understand  what  toughness  means,  but  not  so  easy  to  define 
exactly  what  it  is.  Dr.  Young  (Nat.  Phil.,  i.  142)  gives  the  following 
explanation  of  the  term  as  applied  to  steel.  "  Steel,  whether  perfectly 
hard  or  of  the  softest  temper,  resists  flexure  with  equal  force  when  the 
deviations  from  the  natural  state  are  small,  but  at  a  certain  point  the 
steel,  if  soft,  begins  to  undergo  an  alteration  of  form,  at  another  point 
it  breaks  if  much  hardened,  but  when  the  hardness  is  moderate  it  is 
capable  of  a  much  greater  curvature  without  permanent  alteration  or 
fracture,  and  this  quality,  which  is  valuable  for  the  purposes  of  springs  " 
(and  also  for  gun  barrels),  '*  is  called  toughness,  and  is  opposed  to  rigidity 
and  brittleness  on  the  one  side,  and  to  ductility  on  the  other." 

Elasticity  is  the  property  possessed  by  a  metal  of  resisting  permanent 
deformation  when  subjected  to  a  stress,  and  is  measured  by  the  ratio 
of  stress  to  strain,  so  that  the  modulus  of  elasticity  is  equal  to  the 
cotangent  of  the  angle  HAJ  (in  fig.  p.  3). 

The  '*  elastic  limit "  *  of  a  metal  is  the  tension  which  causes  permanent 
elongation,  and  in  the  fig.  is  represented  by  the  abscissa  A  J. 

Tenacity  f  is  the  tension  required  to  produce  rupture,  and  is  repre- 
sented above  by  the  abscissa  AT\ 

Tensile  strength  we  shall  employ  to  denote  the  work  done  upon  the 
metal  to  produce  rupture  by  traction.  It  would  be  measured  in  the 
fig.  by  the  area  ABl5. 

In  order  to  understand  these  several  terms  more  clearly,  let  us  take 
the  ^g,  below,  in  which  the  abscisssB  represent  the  tensions  and  the 

*  Often  termed  "  limit  of  elasticity/'  and  y&cy  frequently  confounded  with 
"elasticity  "itself. 

t  Or  "  limit  of  fhusture/*  or  "  breaking  tension."  This  term  is  sometimefi  employed 
to  express  tensile  strength. 
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If  the  bar  be  subject  to  a  constantly  increasing  tension  the  extension 
is  at  flrst  in  a  constant  ratio  to  the  tension,f  increasing  after  a  certain 
point  in  a  varying  ratio.  This  point,  represented  in  the  diagram  by  the 
extension  HJ  and  measured  by  the  tension  represented  by  the  abscissa 
AJ,  is  termed  the  elastic  limit  f 

After  this  point  is  reached  the  extensions  increase  in  a  higher  ratio 
for  every  increment  of  tension,  and  the  line  joining  the  ordinates 
becomes  a  carved  line,  as  shown  by  HB  in  the  fignre.  As  we  continue 
to  increase  the  tension  we  arrive  at  a  point  when  the  bar  will  fracture. 
Suppose  the  total  extension  of  the  bar  at  that  point  to  be  represented  by 
BD,  and  the  breaking  tension  by  the  abscissa  AD,  which  is  the  measure 
of  the  tenacity  or  limit  of  fracture,  we  have  then,  as  will  be  seen  by  the 
figure,  three  extensions  of  the  bar,  the  total;  elastic,  and  permanent, 
the  former  being  in  all  cases  the  sum  of  the  two  latter ;  while,  until  the 
elastic  limit  is  reached,  the  total  extension  is  synonymous  with  the  elastic 
extension. 

The  ordinates  of  the  curve  (a  straight  line  as  far  as  H)  AB  represent 
the  total  extensions,  and  the  ordinates  of  the  straight  line  AC  the  elastic 
extensions  of  the  bar,  while  the  work  required  to  produce  rupture  is 
measured  by  the  area  ABD,  which  thus  measures  the  tensile  strength. 

Similarly  the  work  necessary  to  produce  a  total  extension  EF  is 
measured  by  the  area  AFE. 

If  we  remove  the  tension  represented  by  AF,  afiter  the  bar  has  been 
extended  by  EF,  and  then  re-impose  it,  the  greatest  extension  of  the 
bar  will  not  exceed  ¥G;X  and  if  we  once  more  remove  the  tension  the  bar 
will  revert  to  its  former  length,  t.6.,  its  original  length  +  the  extension  EG : 

Here,  of  the  total  work  done  on  the  bar,  represented  by  the  area 
AFE,  that  portion  corresponding  to  the  area  HEG  has  been  absorbed 
by  it  and  applied  to  the  re-arrangement  of  its  molecules,  being  the 
measure  of  the  loss  sustained  in  the  tensile  strength  of  the  bar.  Its 
''  tenacity  **  §  may,  however,  be  increased,  and  we  see  that  its  elastic 
limit  is  so,  for  any  ductile  metal  increases  (within  certain  limits)  in 


Effects  of 
increasing 
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Measure  of  the 
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fracture. 
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*  It  shoold  be  remembered  that  work  done  =>  fbrce  x  cUstanee  through  which  the 
force  acts,  and  also  that  a  strain  is  the  effect  of  a  stress. 


In  the  figures  given  the  elasticity  of  the  metal 


AJ 


HJ 


n  Cot.  angle  HA  J. 


t  This  extension  increases  very  slightly  in  proportion  of  the  duration  of  the  tension. 

t  This,  however,  according  to  Mallet,  p.  67,  will  not  always  be  the  case  if  we  re- 
inipoee  the  weight  for  any  time.  With  wrought  iron,  for  instance,  should  the  tension 
exceed  one-fourth  the  tenacity,  the  extension  will  slowly  increase  with  time. 

§  By  fome  termed  the**  limit  of  cohemon." 

jl2 
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elastic  limit  and  ultimate  strength  (as  represented  by  the  tenacity), 
though  not  in  absolute  or  tensile  strength  (as  shown  by  total  work 
required  to  produce  rupture)  when  subjected  to  drawing,  hammering, 
or  rolling.  In  fact,  a  material  strained  beyond  its  elastic  limit  will 
exhibit  the  same  characteristics  as  an  originally  harder  metal. 

To  return,  however,  to  the  case  in  the  figure.  Suppose  we  now 
subject  the  bar,  which  has  been  elongated  by  the  permanent  extension 
EG,  to  a  greater  tension,  then  the  total  extensions  may  be  represented 
by  the  same  line  6K,  and  we  see  that  the  breaking  tension  shown  by 
AL  is  greater  than  before.  The  total  work  to  produce  rupture  will 
now  be  represented  by  the  area  AKL,  which,  however,  can  never 
exceed  the  mechanical  work  represented  by  ABL,  or,  which  is  the  same 
thing,  FGKL  cannot  exceed  BDFE,  so  that  the  absolute  or  tensile 
strength  of  the  metal  is  not  increased  by  permanent  extension  beyond 
its  original  elastic  limit,  although  its  tenacity  and  elasticity  may  be 
increased  by  the  operation. 

To  recapitulate,  then,  we  must  remember  that  increase  in  the  tenacity 
(or  breaking  tension)  and  limit  of  elasticity  do  not  necessarily  imply 
greater  working  strength  in  a  given  bar  of  metal.* 

We  do,  however,  gain  very  much,  as  we  all  know,  by  subjecting 
metals  to  the  operations  of  rolling,  hammering,  &c.,  for  we  obtain 
a  higher  limit  of  elasticity  and  tenacity  in  smaller  bulk  by  making  the 
mass  more  homogeneous. 

It  will  be  seen  that  the  tensile  strength  of  a  metal  is  by  no  means  the 
same  as  the  tenacity,  which  latter  is  often  termed  tensile  strength,  and 
which  is  measured  here  by  the  weight  in  tons  that  a  bar  of  a  square 
inch  in  sectional  area  will  just  support  without  breaking.  The  former 
is  proportional  to  an  area  and  the  latter  to  a  straight  line  in  the  figure 
above. 

In  order  to  fracture  steel  of  great  tenacity,  less  work  may  in  fact  be 
done  than  is  required  to  fracture  a  similar  bar  of  soft  wrought  iron. 
Again,  the  elasticity  of  the  iron  may  equal  that  of  the  steel,  but  the 
limit  of  elasticity  might  be  very  different  in  the  two  cases.  The  elas- 
ticity is  measured  by  the  cotangent  of  the  angle  CAD  in  the  figure, 
while  the  elastic  limit  is  represented  by  the  tension  measured  by  the 
line  AJ^  and  the  work  required  to  overcome  it  by  the  area  HAJ. 

Metals  used  for  construction  op  Ordnance. 

The  metals  employed  in  constricting  ordnance  are  bronze,  cast  or 
wrought  iron,  and  steeLf 

Bronze. 

Bronze  is  a  mixture  or  alloy  of  copper  and  tin.  That  particular  sort 
of  bronze  formerly  used  for  our  guns  is  often  called  gun  metal,  and 
consists  of  about  90  parts  of  copper  and  10  of  tin. 

Bronze  is  a  tough  and  tenacious  metal,  but  when  cast  or  founded  in 
the  ordinary  way  it  is  comparatively  soft  and  is  easily  indented  and 
damaged  by  the  projectile.  When  heated,  as  for  instance  by  rapid 
firing,  this  metal  becomes  still  softer  and  so  more  readily  damaged. 

For  the  small  S.B.  guns  formerly  used  in  the  field,  bronze  answered 
tolerably  well,  as  the  weight  of  shot  was  comparatively  small ;  but  with 


*  The  total  work  necessary  to  break  a  bar,  depends  principally  npon  the  expan- 
sion at  the  limit  of  fracture  (vide  Fig.  p.  8),  and  the  tougher  the  gun  metal  the 
safer  the  gun. 

t  As  explained  ftuther  on,  the  three  latter  are  really  only  alloys  or  mixtures  of 
the  metal  iron  with  other  substances. 
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rifled  gans  nsing  much  heavier  chargee  bronze  is  not  found  to  be  a      CHAP.  I. 
saffidentlj  good  material.  • 

Besides  the  faults  above  mentioned,  which  are  inherent  to  bronze  ^^5?*^  ^^^ 
cast  in  the  ordinary  waj,  even  when  the  casting  is  sound  this  alloy  has  ".      ^^^^ 
the  serious  defect  of  never  being  quite  homogeneous.*     The  tin  has  a  ^.  ■po*«.*°d 
much  lower  meltmg  point  than  copper  (442^  F.  as  compared  to  1,800°  F.),  ^^^^^  ^"^' 
while  its  specific  gravity  is  also  very  different  (and  although  definite 
alloys  can  be  found,  they  are  not  represented  by  the  above  proportion 
nor  such  as  would  answer  for  gun  metals). 

While  cooling,  the  two  metals  forming  the  alloy  seem  to  separate 
more  or  less  from  one  another,  the  tin  liquating  or  sweating  out  in 
parts  and  causing  white  spots  or  blotches  called  ^'  tin  spots,"  t  which 
are  readily  acted  upon  by  the  powder  gas  and  eaten  away,  leaving  flaws 
or  holes  in  the  bore  of  the  gun.  In  rifled  guns  this  defect  is  much 
more  serious  than  in  S.B.  pieces,  for  the  grooves  cut  in  the  bore  lay 
open  a  further  surface  and  expose  more  tin  spots,  while  the  powder  gas 
acts  with  greater  force  (on  account  of  the  larger  charges  and  heavier 
projectiles  used),  and  eats  away  the  spots  more  quickly. 

With  S.B.  bronze  guns  much  inconvenience  was  occasioned  by  the  Softness  of 
softness  of  this  alloy,  especially  when  heated  by  rapid  firing,^  and  as  bronie. 
experience  was  gained  concerning  rifled  ordnance  in  the  field,  it  was 
found  that  the  defects  inherent  to  ordinary  bronze  were,  as  mentioned 
above,  still  more  serious  in  such  pieces.  Their  accuracy  was  affected 
by  much  firing,  and  the  greater  pressure  in  the  powder  chamber  quickly 
developed  flaws  by  burning  out  the  tin  spots.  The  cutting  of  the 
grooves  also  laid  bare  many  of  these  spots,  which  otherwise  would  not 
have  been  apparent. 

To  reap  the  full  advantages  of  rifling,  it  became  evident  that  some  Bronze  no 
better  material  than  bronze  would  have  to  be  employed  in  the  con-  longer  used  by 
struction  of  fleld  guns.      We  therefore  no  longer  construct  guns  of  ^  f®  ?  ^^ 
bronze,  and  the  only  ordnance  remaining  in  our  service  of  that  material, 
besides  a  number  of  old  S.B.  pieces  in  list  A.  p.  73,  are  a  few  7-pr. 
mountain  or  boat  guns  which  were  made  in  1866-70. 

Most  nations  have  attempted  to  utilise  their  stock  of  old  S.B.  bronze  Attempts  at 
guns  by  melting  up  the  material  and  re-making  from  it  rifled  guns.§    In  o^'S^^f^^ 
1869  we  ourselves  made  some  8  cwt.  9-pr.  guns  of  bronze  (vide  p.  80),  jn^  rifled^ns 

but  the  uncertain  nature  of  the  material  was  soon  shown  by  a  number  ^        -ji  ,       ' 

/..,,.  .       ui  9-pr.  nfle<l 

of  them  becommg  unserviceable.  bronze  guns. 

Various  attempts  have  been  made  to  discover  a  modiflcation  of  bronze,  j 
or  some  analogous  alloy,  sufiiciently  hard,  elastic,  and  strong  for  the  att^pted  in 
purpose  required,  but  as  yet,  unless  the  bronze  steel  mentioned  below  bronze  by 
be  a  success,  all  these  attempts  have  failed.  mixture  of 

It  has  also  been  attempted  to  improve  its  quality  both  in  hardness  foreign 
and  homogeneity  by  altering  the  proportions  of  the  two  constituents,  ^^^^^^^^ccs. 

*  These  defects  existed  very  largely  in  the  S.B.  bronze  guns,  for  guns  cast  at 
various  dates  as  &r  back  as  1790  have  been  cut  open,  and  tin  spots  are  found  to  a 
greater  or  less  degree  in  all  of  them. 

t  "  Tin  spots/'  so  called,  being  patches  or  veins  of  white  alloy,  rich  in  tin,  always 
foand  in  ordinary  bronze.  Such  patches  are  burnt  away  with  a  comparatively  small 
amount  of  heat ;  they  are  harder  than  bronze. 

X  In  his  **  Employment  of  Artillery,"  Sir  John  May  tells  us  that  in  the  first  siege 
of  Badajos  by  our  forces  in  ISll,  we  bad  to  borrow  from  the  Portuguese  a  siege  train 
of  bronze  ordnance.  The  rapid  firing  of  these  pieces  soon  disabled  18  out  of  40  guns, 
and  the  siege  was  consequently  raised.  Shortly  i^terwards,  in  1812,  we  again 
attacked  that  fortress,  but  with  an  English  siege  train  of  iron  ordnance,  when  it  soon 
fell  into  onr  hands. 

I  The  present  French  field  guns  are  of  bronze,  pending  the  introduction  of  steel 
pieces,  as  are  also  the  new  Austrian  fleld  guns. 
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and  by  adding  small  portions  of  other  metals  or  non-metals  such  as 
manganese,  phosphorus. 

Phosphor  bronze  containing  small  quantities  of  phosphorus  has  been 
extensively  tried,  and  gives  a  metal  of  more  uniform  character  and  also 
stronger  than  bronze.* 

In  1872  an  exhaustive  trial  was  undertaken  at  Bourges  by  the  French 
Grovemment  with  4-prs.  ;  four  of  these  pieces  were  cast,  two  being  of 
ordinary  bronze  and  two  of  an  alloy  of  phosphor-bronze.  The  supe- 
riority of  the  latter  over  the  guns  cast  from  ordinary  bronze  was  so 
slight,  that  the  committee  carrying  on  the  experiments  concluded  that 
any  advantages  were  more  than  neutralized  by  the  necessity  of  adding 
the  phosphorus  in  very  exact  proportions,  and  so  further  complicating 
the  manufacture  of  bronze  guns. 

Colonel  Bosset,  of  the  Italian  Artillery,  superintendent  of  the  arsenal 
at  Turin,  has  for  some  years  past  been  carrying  on  a  series  of  interesting 
trials,  with  regard  to  bronze  and  other  metals  in  the  arsenal  at  Turin, 
where  a  7  *  5c  gun  of  phosphor  bronze  was  tested  in  comparison  with 
others  of  ordinary  bronze.  This  gun  stood  the  trial  well,  and  the  alloy 
from  which  it  was  cast  (in  an  iron  mould)  showed  a  tenacity  of 
about  25  tons  per  square  inch.  Notwithstanding  this,  however.  Colonel 
Rosset  concluded  that  it  was  not  advisable  to  employ  such  an  alloy  in 
gun  manufacture  on  account  of  the  unstable  character  of  phosphorus, 
and  the  great  difficulty  of  securing  uniformity  of  result  in  the  mixture 
of  this  element  with  bronze. 

Bussiay  too,  has  been  making  much  advance  in  the  working  of  bronze, 
and  is  manufacturing  some  powerful  experimental  field  guns  (Lavroff 
guns) — shown  in  Table  XI.— of  this  alloy  treated  in  the  same  way 
as  described  with  regard  to  the  Austrian  "  IJchatius  "  field  pieces. 

In  Austria  great  attention  has  always  been  paid  to  bronze  and  analo- 
gous alloys,  and  Ceneral  Von  Uchatius,  the  director  of  the  gim  fouiulry 
at  Vienna,  has  for  years  studied  the  subject.  In  a  lecture  lately  delivered 
by  him,  he  tells  us  that  about  three  years  ago  his  attention  was  particu- 
larly called  to  a  fragment  of  bronze,  cast  under  pressure,  which  the 
Archduke  William  had  brought  from  Russia.  He  found  the  properties 
of  this  metal  so  far  superior  to  those  of  bronze  cast  in  the  ordinary  way, 
that  he  was  led  to  researches  which  resulted  in  his  casting  bronze 
in  an  iron  mould  or  chill  casting,  and  at  the  same  time  chilling  the 
interior  of  the  mass  by  means  of  a  core  of  solid  copper  or  otherwise. 

This  bronze,  which  is  an  ordinary  alloy  contfdning  8  p.c.  of  tin,  can  l^e 
forged  cold  and  possesses  many  of  the  properties  of  steel,  as  will  be  seen 
by  the  Table  11.,  p.  20,  and  has  consequently  been  termed  bronze  steel ; 
it  possesses,  however,  apparently  the  advantage  over  steel  of  being  a 
safer  material  when  employed  alone. 

The  results  obtained  with  these  experimental  guns  seem  to  bear  out 
the  sanguine  expectations  of  General  Von  Uchatius;  and  the  new 
Austrian  field  guns  are  being  completed  from  this  material.  Om*  own 
experience,  however,  of  the  uncertain  nature  of  bronze,t  ^^  ^^^  ^  we 
know  of  that  alloy,  and  of  the  delusive  effects  of  experiments  made 


*  This  alloy  is  now  considerably  used  for  bearings,  sheaves  of  pullies,  &c.  It 
seems  doubtfhl,  however,  whether  this  mixture,  as  well  as  the  so-called  manganese- 
bronze,  &c.,  do  not  owe  most  of  their  good  qualities  to  the  fact  of  being  Ciist  in  chill 
rather  than  to  their  chemical  constitution. 

f  A  number  of  these  Uchatius  guns  are  rejected  in  manufacture,  owing  to  the 
presence  of  tin  spots,  while  we  have  had  to  withdraw  our  rifled  bronze  guns,  although 
the  ezperimen  id  pieces  fired  at  ShoeburyneBS  gave  us  most  exceUent  results. 
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wilh  a  few  pieces^*  make  ob  pause  before  we  can  acoept  experimental      CHAP.  I. 
success  as  proof  sufficient,  that  bronze  steel   is  in  all  respects  ad^ted         -^— 
for  the  construction  of  field  guns,  even  if  the  theoretical  principles 
are  correct  upon  which  its  subsequent  treatment  is  based. 

It  seems  unlikely,  indeed,  that  such  a  metal  as  bronze,  however 
improved,  can  long  hold  its  own  against  the  great  advances  certain  to 
take  place  in  steel  manufacture,  and  in  the  construction  of  field  guns 
from  that  material  either  alone  or  combined  with  wrought  iron  on 
sound  theoretical  principles. 

Iron. 

Although  there  exists  but  one  elementary  metal  which  can  properly  iron, 
be  termed  iron,  yet  when  this  is  mixed  or  alloyed  with  comparatively 
small  quantities  of  other  elements,  we  have  in  these  alloys  or  mixtures  Three  varieties, 
virtually  distinct  metals,  which  differ  from  one  another  in  their  external 
characters  more  than  many  chemically  distinct  metals. 

These  difierent  varieties  of  iron  may  be  divided  into  groups  termed  Cast  iron, 
respectively  cast  iron,  wrought*  iron  or  piled  metal,  steel  or  ingot  metal,  wrought  iron, 
Regarding  the  two  latter  we  shall  also  see  that,  according  to  the  latest  "^^  ^*®®*- 
nomenclature,  they  differ  fi*om  each  other  more  in  the  mode  of  me- 
chanical treatment  they  undergo  during   their   production    than    in 
chemical  constitution. 

Iron  is  usually  obtained  from  its  ores  by  melting  these  in  large  blast  How  iron 
furnaces  with  coke  or  coal,  various  fluxes  being  added,  according  to  the  i»  nspally 
nature  of  the  ore,  to  carry  off  the  earthy  matters  ;  the  metal  so  obtained  phtamed  firom 
is  run  into  sand  moulds  in  the  shape  of  the  weU  known  rough  looking  ^    ^^^' 
bars  technically  termed  "  pigs  "  or  **  pig  iron." 

The  metal  in  this  state,  as  run  from  the  blast  furnace,  is  termed  Pig  iron. 
'^  cast  iron,"  and  contains  many  foreign  elements,  principally  carbon  and 
silicon,  the  former  being  mostly  derived  from  the  fuel  with  which  the 
ore  was  smelted.  Besides  these  impurities  small  quantities  of  sulphur, 
phosphorous,  and  manganese  are  commonly  found  in  cast  iron  when 
first  run  out. 

Cast  Iran.  * 

By  refining,  &c.  a  portion  of  the  carbon  and  other  impurities  may  be  Cast  iron, 
removed,  but  so  long  as  the  proportion  of  carbonf   is  not  less  than  2°/^  E^cts  of 
the  metal  will  possess  the  characteristic  properties  of  cast  iron  mentioned  silicon,  sol- 
below.     The  presence  of  silicon,  sulphur,  and  phosphorus  modify  the  phnr,  and 
strength,  brittleness,  &c.  of  cast  iron  very  much,  that  of  sulphur  in  phosphorus, 
particular  increasing  its  tenacity,  which  is  always,  however,  compara- 
tively low. 

We  may  say  that  cast  iron  contains  from  2%  to  5°/©  by  weight  of  Fer-centage  of 
carbon,  which   exists  in  two  states,  either  chemically  combined  with  carbon, 

*  e,g.  In  trials  made  prior  to  the  introduction  of  9-pr.  B.M.L.  bronze  guns  into 
our  serrioe  in  1870  (vide  p.  80,  as  to  subsequent  failure  of  these  pieces),  some  ex- 
perimental 9-pn.  were  subjected  to  very  tevero  trials.  They  wero  fired  at  the  rate 
of  50  rounds  in  7  minutes  for  rapidity ;  5  rounds  in  13  minutes  at  a  9-ft  square  target, 
at  1,000  yards  off,  for  rapidity  and  accuracy,  giving  27  hits  ;  and  on  one  occasion 
140  rounds  were  fired  from  one  gun,  without  stopping,  at  the  rate  of  3  rounds  per 
minute,  the  metal  becoming  so  hot  as  to  boil  water  placed  in  the  bore.  In  all  cases 
the  results  were  satisfactory,  and  one  of  the  guns  in  question  actually  fired  2,732 
rounds  without  destructive  injury. 

f  This  limit,  like  others  of  a  similar  nature,  has  reference  only  to  varieties  of  iron 
nearly  free  from  other  hardening  elements  except  carbon  ;  for  some  irons,  containing 
much  less  carbon  than  the  above,  but  a  sensible  portion  of  silicon  and  phosphorus, 
are  directly  prodaced  firom  the  blast  ihmace,  and  must  be  classed  as  cast  iron* 
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the  iron  or  mechanically  mixed  with  it  (vide  Treatise  on  Ammunition, 
1874,  p.  157). 

In  the  trade  cast  iron  is  distinguished  by  numbers,  from  one  to  eight, 
the  lower  numbers  being  given  to  those  descriptions  in  which  the 
surface  when  broken  presents  a  **  grey  "  or  *^  mottled  "  appearance,  and 
in  which  the  larger  part  of  the  carbon  is  in  the  state  of  graphite,  that 
is,  uncombined  with  the  iron.  The  higher  numbers  represent  "  white  " 
or  '*  bright "  iron,  and  in  these  the  carbon  is  almost  entirely  in  the 
combined  state. 

Cast  iron  is  easily  fused,*  and  can  be  readily  cast  into  a  homogeneous 
mass  of  any  size  or  shape  we  choose,  but  it  is  brittle  and  cannot  be 
worked  under  the  hammer  either  hot  or  cold.  If,  indeed,  we  heat  a 
mass  of  cast  iron  to  a  red  heat  and  hammer  it,  it  will  crumble  to  pieces, 
a  fact  taken  advantage  of  in  the  breaking  up  of  our  obsolete  smooth 
bore  cast  iron  guns. 

Cast  iron  has  the  advantage  of  being  cheap  and  easily  worked,  by 
melting  and  casting,  and  also  by  cutting  tools,  &c.  It  is  also  compara- 
tively hard,  and  is  homogeneous,  so  that  we  can  obtain  a  smooth  and 
uniform  surface.  It  is,  however,  a  brittle  and  uncertain  metal,  and 
although  its  elastic  limit  is  not  very  low,  it  elongates  but  little  between 
that  limit  and  the  limit  of  fracture,  and  when  strained  beyond  its 
stretching  power  it  is  therefore  apt  to  fly  to  pieces  without  wai*ning,  a 
serious  defect  in  gun  manufeu^ture. 

The  tenacity  of  cast  iron  is  low,  that  of  good  average  cast  iron 
being  about  the  same  as  that  of  ordinary  bronze  (gun  metal),  viz.,  12 
to  14  tons  (vide  Table,  p.  19). 

For  smooth  bore  guns,  where  the  pressure  in  the  bore  was  com- 
paratively small,  cast  iron  was  a  good  material,  but  for  rifled  guns  it 
is  much  too  weak,  and  as  it  Cannot  be  worked  under  the  hammer  we  are 
not  able  to  build  up  a  gun  in  different  pieces  from  this  metal,  but  must 
employ  it  in  the  shape  of  a  homogeneous  mass  (vide  p.  22) ;  it  is  there- 
fore at  an  additional  disadvantage  as  a  material  for  rifled  guns.  We 
ourselves  employ  cast  iron  in  no  case  as  the  sole  material  for  such  guns, 
though  for  the  sake  of  economy  we  utilise  as  second  class  guns  old 
smooth  bore  cast  iron  pieces  strengthened  by  means  of  wrought  iron 
barrels  (vide  p.  88),  which  latter  gives  us  a  sufficient  margin  of  safety. 

For  economical  reasons  cast  iron  has  been  employed  for  rifled  guns  in 
America  and  elsewhere,  but  has,  when  unstrengthened  by  other  materials, 
always  failed  signally  when  subjected  to  a  heavy  strain  (vide  p.  18).  In 
Sweden  and  Denmark,  where  exceptionally  good  cast  iron  i's  produced, 
field  guns  are  still  maide  of  this  metal.  These  pieces  are  very  cheap, 
but  the  velocity  obtained  from  them  is  low.  In  France  and  Italy  heavy 
rifled  guns  are  made  of  this  material  and  strengthened  with  steel,  but 
such  guns  would  appear,  though  economical,  to  be  eminently  unsafe. 


Wrought  Iron, 

Wrought  iron.       If  we  remove  the  carbon  still  further  from  cast  iron,  iso  that  the 

amount  becomes  less  than  2°/^,  we  obtain  either  steel  or  wrought  iron, 
according  to  the  amount  removed,  the  subsequent  treatment  of  the 
metal,  or  to  both  combined. 

Wrought  iron  approaches  to,  theoretically,  pure  iron,  and  accordiiig  to 
the  old  nomenclature  is  iron  containing  from  O'P/q  to  0*3° /^  of 
carbon,  though  we  shall  flnd  that  certain  characteristic  steels  now  made 
have  no  larger  proportion  of  this  element. 


Wrought  iron 
theoretically 
pure  iron. 


*  The  melting  point  of  ordinary  cast  iron  being  about  1530  c. 
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Wrought  inm  is  obtained  by  removing  the  carbon  from  cast  iron  bj      CHAP.  I. 
paddling*  or  otherwise,  and  then  working  it  np  by  hammering  or         -~". 
rolling  into  a  nsefol  or  marketable  form,  whence  the  term  wrought  or  ^°^  obtained. 
piled  is  applied  to  this  particular  nature  of  iron.  Paddling, 

If  the  cast  iron  is  very  impure  some  of  the  impurities  will  be  retained  ^^^  kSSm' 
by  the  wrought  iron,  and  will  affect  it  seriously  if  present  in  any  quan-  ". 

tity,  thus  a  small  proportion  of  phosphorus  (0'26  ^/q)  will  make  a  bar  5"K"l**t!l 
of  wrought  iron  "  cold  short ''  or  brittle  when  cold,  whUe  a  litUe  sulphur  ^^  "^o™®"- 
present  makes  wrought  iron  '^  red  short "  or  brittle  when  heated.  Bed  shortneM. 

While  this  more  or  less  pure  metal  obtained  from  cast  iron  by 
removal  of  the  carbon,  through  puddling  or  otherwise,  is  worked  under 
the  hanuner  or  rolls,  it  is  drawn  out  and  so  given  a  fibrous  structure, 
the  fibres  running  lengthways  in  the  direction  in  which  it  is  drawn. 
The  fibre  runs  alonir  the  length,  in  fact,  as  the  fibre  runs  in  the  branch  ^"^im 
ofatree.  •'"**'-*• 

This  structural  aiTangement  of  the  material  can  be  readily  demonstrated  Shown  by 
by  subjecting  a  piece  cut  off  a  bar  of  wrought  iron  to  the  action  of  acid,  action  of  tcids. 
when  certain  portions  of  the  mass  are  eaten  away,  and  the  fibres  stand  out 
clearly  presenting  the  appearance  of  a  bundle  of  fine  wires.  This  fibrous 
quality  of  bar  iron  renders  it  much  stronger  in  one  direction  than  in  the 
other,  for — just  as  in  the  case  of  wood — it  requires  about  twice  the  force  to 
break  a  piece  of  wrought  iron  across  its  fibre  that  it  does  to  tear  it 
asunder  along  the  fibre.  In  the  latter  case  the  fibres  need  only  be 
separated,  not  broken^  and  the  cohesion  which  binds  them  together  is 
not  much  greater  than  that  of  the  crystals  which  compose  good  cast 
iron. 

Unfortunately  the  process  of  working  up  wrought  iron  into  a  proper  Difficulties  in 
condition  for  use  (vide  p.  1 12),  does  not  remove  all  the  foreign  matter,  remoring 
such  as  minute  portions  of  slag,  &c.,  which  have  been  entangled  amongst  imparitief. 
the  particles  and  fibres,  so  that  owing  to  its  mode  of  td^atment  a  mass  Not  thotonghlj 
of  wrought  iron  is  never   thoroughly  homogeneous,  and  if  laid  open  bomoffeneous, 
always  exhibits  fiaws  of  some  description,  whence  it  is  difficult  to  obtain  ""^  '^y* 
a  uniform  and  smooth  surface  of  wrought  iron  perfectly  free  from 
defects. 

Wrought  iron  may  be  said  to  be  practically  infusible  in  any  ordinary  Practically 
furnace,  but  it  has  the  property  of  welding  (which  cast  iron  has  not)  ;t  *°™*°*®  ^V 
that  is,  if  two  clean  surfaces  of  wrought  iron  heated  to  a  white  heat  ^   ^"a'ynieanS' 
(about  3,000^)  be  brought  into  contact  and  pressed  together,  either 
by  rolling  or  hammering,  they  will  unite  so  perfectly  that  the  mass  y  ,    , , 
when  broken  will  part  as  readily  at  any  other  place  as  at  the  point  of  ^^y  ^f  ^"^ 
union ;  this  is  a  most  valuable  property  and  is  largely  taken  advantage  weldiDg. 
of  in  the  construction  of  our  service  ordnance.  '  w  i 

Wrought  iron  is  very  malleable  and  ductile,  and  is  also  of  great  tensile  ^^*"«^bility. 
strength,  although  its  tenacity  is  much  below  that  of  most  natures  of  ^'"'"^|^' 
steeL     The  tenacity  is  about  25  tons  per  square  inch  for  good  average  Z®"*^**^' 
vn^ughtiron.  st^Lth. 

The  elastic  limit  of  wrought  iron  is  not  very  high,  about  12  tons  per  Elastic  limit 
square  inch ;  but  after  that  limit  is  exceeded  much  work  must  be  done  in 
permanently  stretching  this  very  ductile  metal  before  the  limit  of  fracture 
is  reached,  giving  us  a  large  margin  of  safety. 

To  repeat  the  principal  physical  properties  of  wrought  iron  which  ^""^^^P?^ 
make  it  suitable  or  otherwise  as  a  material  for  ordnance.  wSLhrbon 
summed  up. 

*  The  operation  of  puddling  is  described  at  p.  118. 
t  And  steel  in  a  very  inferior  degree. 
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CHAP.  I.         Wrought  iron  is  very  malleable  and  ductile,  with  a  low  elastic  limit 
— -  and  a  tenacity  of  about   25  tons  or  double  that  of    cast  iron.      Its 

ductilitjy  however,  necessitates  much  work  being  performed  in  stretch* 
ing  the  metal  between  the  limits  of  elasticity  and  fracture. 

In  our  service  ordnance  no  heavy  guns  are  now  made  with  wrought 
iron  barrels,  as  this  material  is  too  soft,  and  very  liable  to  flaws.  Most  of 
our  rifled  B.Xi.  guns  are,  however,  entirely  built  up  of  wrought  iron,  and 
also  the  earlier  natures  of  M.L.  guns.  We  still  use  this  material  for 
the  inner  barrel  of  our  converted  cast  iron  guns  in  order  to  give  su£&- 
cient  safety  to  those  pieces  which  in  the  outer  casing  have  so  brittle  a 
material  as  cast  iron. 

For  the  exterior  portions  of  our  It.M.L.  ordnance  we  always  employ 
wi:ought  iron,  which  is  not  only  cheap,  easily  worked  and  welded, 
but  irom  its  ductility  gives  as  before  mentioned  a  large  margin  of  safety. 

Testing  Wrought  Iron  in  B.  G.K 

In  the  Royal  Gun  Factories  the  quality  of  the  iron  used  for  bars  is 
tested  previous  to  using  it  for  the  manufacture  of  guns,  the  amount  of 
drawing  out  or  extension  of  the  specimens  previous  to  rupture  being 
taken  into  consideration,  as  well  as  the  weight  which  the  metal  will 
beai'  without  breaking,  and  the  appearance  of  the  broken  surface.  In 
good  tough  wrought  iron  the  fracture  presents  an  irregular  silky  appear- 
ance, light  grey  in  colour,  and  shows  distinctly  the  fibrous  structure 
and  the  extension  of  the  fibres ;  should  the  surface  be  largely  crystalline, 
and  the  specimen  have  broken  off  short  without  drawing  out,  it  shows 
that  the  wrought  iron  is  deficient  in  fibre  and  consequently  not  well 
suited  to  resist  the  continued  stresses  to  which  it  would  be  subjected  in 
a  heavy  gun. 

The  "  steely  "  property  of  the  wrought  iron,  that  is,  the  amount  of 
<»u*bon  it  contains,  is  ascertained  by  an  empirical  test.  The  specimen  is 
raised  to  a  red  heat  and  cooled  suddenly  in  water ;  the  effect  of  this 
treatment  is  to  increase  the  tenacity,  but  the  appearance  of  the  fracture 
(even  in  good  fibrous  iron)  often  becomes  crystalline  or  granular  instead 
of  fibrous,  and  the  wrought  iron  has  moreover  lost  to  a  great  degree 
its  property  of  extensibility,  so  that  it  breaks  off  short.  If  the  increase 
in  the  tenacity  when  hardened  is  excessive  (more  than  2  tons  per 
square  inch)  and  the  appearance  of  the  fracture  is  such  as  to  indicate 
the  presence  of  a  considerable  amount  of  carbon,  the  iron  is  rejected, 
for  the  iron  required  for  gun  building  must  not  only  be  tenacious,  but 
should  also  possess  in  a  marked  degree  the  properties  of  extensibility 
and  toughness  under  sudden  pressures  so  that  should  the  gun  be  at 
any  time  strained  beyond  its  powers  of  endurance,  it  may  fail  gradually 
and  not  suddenly,  without  giving  any  indication  to  the  gun  detachment 
of  its  approaching  rupture. 

Steel. 

To  give  a  short  definition  of  steel  is  a  difficult  task. 
Definition  of  Until  lately  steel  has  been  usually  defined  to  be  iron  containing  a  small 

steel  according  amount  of  carbon,  an  amount  less  than  that  present  in  cast  iron,  but 
to  chemical  greater  than  the  maximum  quantity  to  be  found  in  characteristic 
n^inaHfnHnn       -^q-ought  iTou,  t.c.,  irou  contaiuiug  between  0*3  per  cent,   and  2*0  per 

cent,  of  carbon  was  termed  *'  steel." 

This  proportion  ol'  carbon  is  however  only  apj)roximate,  and  Dr.  Percy 
gives  from  0*5  to  0*65  per  cent,  of  carbon  as  the  limit  at  which,  when 
free  from  other  foreign  matter,  iron  may  be  considered  as  passing  into 
steel,  so  that  when  hardened  by  quenching  in  watei*  it  will  strike  fire 


Method  of 
ascertaining 
the  steely 
property  of 
wrooght  iron. 


constitution. 
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readily  with  flint.    According  to  this  definition  when  carbon  is  present      CHAP.  L 

''  in  certain  proportions,  the   limits  of  which  cannot  be  ezactlj  pre-         

scribed,  we  have  the  various  kinds  of  steel,  which  are  highly  elastic,  Percentage  of 
malleable,  dactile,  forgable,  weldable,  capable  of  receiving  very  difierent  ®"*^°  ^  ®*®®^* 
degrees  of  hardness  by  tempering,  and  fusible  in  furnaces." 

Owing,  however,  to  the  gradual  development  of  new  modes  of 
manufacture,  and  to  the  enormous  increase  in  recent  years  in  the  pro- 
duction of  cast  steels  of  all  kinds,  the  arbitrary  definition  of  steel  above 
given  leads  to  much  confusion  and  serious  mistakes,*  and  though 
it  may  be  called  a  mere  question  of  words,  the  above  definition  has  no 
doubt  exercised  a  deleterious  effect  upon  the  introduction  of  steel,  in 
place  of  worked  or  wrought  iron,  for  many  purposes  for  which  it  is  well 
suited. 

A  simpler  definition  of  steel  seems  likely  to  be  adopted,  a  definition  Definition  of 
which  possesses  the  advantages  of  precision  and  is  in  harmony  with  the  ^^  according 
current  modes  of  manufacture.    According  to  this,  steel  is  an  alloy  of  *®  '^^  ^^^^ 
iron  cast  while  in  a  fluid  state  into  a  malleable  ingot.  mode  of 

It  is  held,  according  to  this  nomenclature,  that  steel  and  wrought  iron  manufacture, 
cannot  be  always  distinguished  by  chemical  analysis  (for  the  same  pro- 
portions of  carbon,  manganese,  silicon,  4&c.  may  exist  in  any  malleable 
alloy  of  iron),  and  that  the  fundamental  and  essential  difference  between 
steel  and  compounds  of  iron,  merely  worked  or  wrought,  is  a  structural 
difference  easUy  determined. 

All  malleable  products  of  iron  industry,  that  is  to  say,  all  varieties  of  Structural 
iron,  except  cast  iron,  may  be  divided  into  piled  metal  (wrought  iron)  ^^^'^^^^^   ^ 
and  ingot  detal  (steel)  ;  the  former  embracing  all  malleable  iron  or  andwromrht 
alloys  of  iron  produced  without  fusion  of  the  metals  while  in  a  malleable  iron, 
state,  and  the  latter  applying  to  all  irons,  however  produced,  which  are  Wrought  iron 
cast  into  a  malleable  ingot.  is  piled  metal. 

^  These  two   classes   differ  more  widely  in   mode   of  manufacture,  steel  is  ingot 
appearance,  and  in  many  important  properties  than  the  varieties  of  each  metal, 
class  among  themselves,  and  form  two  parallel  and  continuous  series, 
the  corresponding  members  of  which  are  chemically  identical,  differing  Differences  in 
only  in  mode  of  production  and  in  mechanical  structure,  and  rising  in  ™o^®  of  treats 
each  series  from  the  purest  and  softest  iron  to  the  hardest  and  most  ™^*»  ^^' 
highly  carburetted  varieties."! 

^<M.  Adolph  Grenier  of  Seraing,  adopting  this  definition  of  steel, 
classifies  the  two  parallel  series  of  products,  the  irons  and  the  steels,  as 
follows  :— 

Percetitage  of  Carbon. 
0'15toO-45     I     0-45  to  0*55 


0-  to  0-15 


Ordinary  irons. 


0-  55  to  1  -50     Parallel  series 
or  more.         of  steels  and 


Series  of  the  Irons, 


u*on8. 


Granular  irons. 


Steely  irons  or 
puddled  steels.| 


Cemented  steels. 
Stjrrian  steel. 


Series  of  the  Steels. 
Extra  soft  steels.  |       Soft  steels.      |  Half  soft  steels.  |      Hard  steels. 

*  Thus,  if  steel  be  defined  as  an  alloy,  **  containing  carbon  enough  to  harden  it, 
when  it  is  heated  and  plunged  into  water,  then  puddled  iron,  though  laminated  and 
heterogeneous  in  structure,  may  be  steel,  and  the  finest  product  of  the  crucible, 
though  crystallised  and  homogeneous  in  structure,  may  not  be  steel." 

t  Journal  of  the  Iron  and  Steel  Institute,  1873,  p.  499. 

X  This  classification,  placing  all  varieties  of  *<  puddled  steel "  in  the  group  of  irons 
containing  betffreen  0*45  and  0*55  of  carbon,  is  not  correct,  as  many  specimens  of 
puddled  iron  contain  a  much  higher  percentage*    Thus  Percy  Q*  Iron  and  Steel,'-' 
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Paddled  or 
cement  steel. 


Cast  steel 
used  bj  us. 

Definition  of 
such  steel 


Mana&otare 
of  steel. 


Cracible  steel.' 

Siemens  or 
Siemens- 
Martin  steel. 

Bessemer  steeL 


Flaws  likely 
to  occur  in 
wrought  iron. 

Steel  free  from 
such  flaws. 


The  production  of  the  more  highly  carburetted  varieties  of  the  iron 
group,  such  as  puddled  steel  or  cement  steel,  except  with  the  view  to 
casting  the  metal  subsequently*  is  now  carried  on  upon  a  comparatively 
limited  scale,  while  that  of  the  steels  proper^  or  cast  steel,  is  increasing 
enormously  each  year. 

For  the  construction  of  ordnance  we  may  say  that  cast  steel  is  at 
present  and  will  in  the  future  be  as  a  rule  employed,  so  we  may  safely 
take  the  new  definition  of  steel  and  look  upon  this  metal  as  a  melted 
malleable  allot/  of  iron^  produced  in  any  way  whatever^  and  containing 
a  smaller  proportion  of  carbon  or  other  hardening  element  than  is 
contained  in  cast  iron. 

Though  the  mode  of  production  of  wrought  iron  is  not  given  in  this 
chapter,  but  in  Chapter  V.,  under  the  head  of  *' Manufacturing  Ope- 
i*ations,"  it  is  necessary  here  to  explain  the  processes  of  steelmaking, 
as  none  is  manufactured  in  the  Arsenal. 

Steel  may  be  produced  in  a  variety  of  ways,  by  more  or  less  decar- 
buretting  cast  iron  under  such  conditions  as  to  obtain  a  melted  product 

By  dissolving  wrought  iron  or  steel  scrap  or  spongy  reduced  iron  in 
melted  cast  iron. 

By  the  direct  melting  of  puddled  iron  or  other  variety  of  iron  of  the 
requisite  degree  of  hardness  (the  hardness  referring  to  the  amount  of 
carbon  in  the  iron). 

By  melting  a  mixture  of  soft  wrought  iron  or  iron  sponge  with  carbon 
or  with  cast  iron,  or  of  malleable  iron,  which  is  too  hard  for  the  variety 
of  steel  required,  with  oxidising  agents,  or  by  directly  melting  together 
a  mixture  of  iron  ore  and  carbon  as  a  single  operation. 

The  processes  by  which  steclmaking  is  practically  carried  out  are  by 
melting  in  pots  or.  crucibles,  giving  "  pot "  or  "  crucible  "  steel ;  on  the 
open  hearth  or  bed  of  a  reverberatory  furnace,  giving  Siemens  or 
Siemens-Martin  steel ;  or  by  blowing  air  through  molten  cast  iron,  pro- 
ducing Bessemer  steel.  In  whatever  way  made,  the  material  is  essen- 
tially the  same,  depending  on  its  chemical  composition  and  physical 
structure  for  its  properties.  It  differs  much  from  wrought  iron,  even 
when  chemically  the  same  metal,  because  a  mass  of  wrought  iron  is 
made  up  from  a  number  of  bars  or  blooms  heated  and  welded  together, 
each  of  these  again  being  composed  of  separate  granules  with  impurities 
interposed,  such  as  slag,  &c.,  entangled  so  that  the  mass  is  unavoidably 
full  of  flaws  and  imperfect  welds.  Steel,  on  the  other  hand,  has  been 
brought  into  a  state  of  perfect  fusion,  and  cast  while  liquid  into  a 
malleable  ingot,  which  is  homogeneous  f  throughout  and  free  from  flaws 
or  intermixed  impurities. 

p.  799)  gives  the  following  analysis,  by  W.  Brauns,  of  puddled  steel  from  Kdnigs- 
hiltton:— 

Carbon,  combined     -----     1*380 

Carbon,  graphitic     -----    trace 

Silicon  -  -  -  -  -  -    0-006 

Sulphur        -  -  -  -  -  -      — 

Phosphorus  -----    trace 

Manganese    -  -  -  -  -  -0'012 

•  The  manufacture  of  such  steels  is  generally  speaking  carried  on  to  a  further 
stage,  80  that  they  become  steel  according  to  our  definition,  for  they  are  very  often 
subsequently  cast  Thus  the  steel  used  by  us  for  the  barrels  of  Woolwich  guns  is 
obtained  from  bars  of  good  wrought  iron,  which  arc  converted  by  cementation  into 
steel.  These  bars  are  afterwards  broken  up,  and  the  pieces  whose  ftiicture  indicate  a 
xnild  nature  are  melted  in  crucibles,  the  contents  of  which  are  poured  into  a  metal 
mould  of  a  size  sufficient  to  give  the  required  ingot 

t  Homogeneous,  that  is  as  to  surface  and  apparent  structure,  though  not  necessarily 
80  in  tensile  strength,  tenacity,  &c. 


MATERIALS   FOR  ORDNANCE.  13 

We  now  can  anderstand  fullj  what  steel  means  in  accordance  with      CHAP.  I. 

either  of  the  definitions  given  of  the  term,  whether  depending  merely         

upon  its  chemical  constitution  as  to  the  amount  of  carbon  present  or 
upon  the  physical  treatment  of  the  metal,  which  must  be  melted  and 
cast  into  a  malleable  mass. 

In  either  case  it  is  evident  that  the  properties  of  the  metal  must  Vtiyin^ 
vary  very  much,  but  more  especially  if  we  adopt  the  second  definition,  properties  of 
The  soft  or  low  steels  approximate,  like  ordinary  wrought  iron  does,  to  '^^* 
pure  iron,  and  the  hard  or  high  natures  of  steel  approach  cast  iron  in 
their  properties. 

Over  wrought  iron  steel  has  always  the  advantage  of  being  homo-  Adyantage 
geneous,  but  it  is  unfortunately  uncertain  in  quality,  a  surprising  fact  ®^  •*®®1  ^J®*" 
when  we  think  how  it  is  produced ;  still  it  is  so,  and  we  find  that  ingots  ^''^'>*''"^'*- 
of  this  metal  of  the  same  chemical  constitution,  produced  in  the  same  2!e^uSt?of 
way  and  from  identical  materials,  often  differ  much  from  one  another  in  ^^^     ^ 
the  properties  of  elasticity  and  tenacity. 

Many  nostrums  have  been  proposed  for  overcoming  this  defect,  which  Remedies  tried, 
appears  to  be  due  to  the  molecular  condition  of  the  metal  as  affected 
during  the  melting  and  the  subsequent  treatment  of  the  ingot. 

It  is  in  modification  and  improvements  of  the  latter  that  the  solution 
appears  to  lie,  and  already  many  plans  are  being  attempted  for  the 
insurance  of  greater  certainty  in  the  quality  of  steel,  such,  e,g.^  as  Casting  ander 
casting  it  under  pressure,  to  get  rid  of  the  bubbles  or  blow  holes.  prossore. 

Steel  will  not,  like  wrought  iron,  stand  a  high  welding  heat,  especially 
if  it  be  of  a  "hard"  or  ''high"  nature.  If  hammered  at  too  great  a 
heat  the  ingot  will  fall  to  pieces.* 

After  being  cast,  steel  is  hammered  or  rolledy  and  it  acquires  a  fibrous  Hammering 
structure  during  this  process,  as  may  be  easily  shown  if  a  bar  of  this  aQ<l  rolling 
metal  be  acted  on  by  a  strong  acid.  Sf^^  **^* 

When  first  cast,  steel,  excepting  the  higher  varieties,  is  comparatively     ^^' 
soft  and  inelastic,  and  can  thus  be  treated  in  a  similar  manner  to  wrought 
iron ;  but  with  the  exception  of  the  very  low  or  soft  varieties,!  it  may 
be  subsequently  hardened  by  what  is  called  *' tempering,"  when  the  Hardening 
metal  is  heated  %  and  plunged  into  mercury,  water,  oil,  or  some  other  steel, 
liquid,  in  order  to  cool  it  more  or  less  quickly.     The  effect  of  such 
tempering  depends  very  much  upon  the  amount  of  carbon  present  in  the 
steel,  as  well  as  upon  the  degree  of  heat  it  is  previously  raised  to,  and 
has  a  marvellous  effect  in  increasing  both  tenacity  and  elastic  limit  in 
the  case  of  good  steel. 

Besides  the  great  uncertainty  of  steel,  we  must  remember  that  it  is  Steel  inferior 
very  inferior  to  wrought  iron  in  another  important  point,  that  of  being  in  property  of 
easily  weldable.    The   importance   of   this  property  with  regard   to  ^©Idlng. 
facility  and  economy  in  working  large  masses  of  metal  can  hardly  be 
exaggerated. 

To  sum  up  the  qualities  of  steel, —  Variation  in 

In  tenacity  it  varies,  roughly  speaking,  bom  30  to  60  tons  per  square  tenacity  and 

inch,  and  its  limit  of  elasticity  lies  between  13  and  30  tons.  elastic  limit. 

*  Vide  ihteresting  examples  given  in  "  Remarks  on  the  Mann&ctnre  of  Steel,"  by 
D.  Chemoff,  London,  Clowes  and  Son. 

f  Thos,  *'  some  varieties  of  soft  steel  used  for  boiler-plates.  Steel  having  less 
carbon  than  many  wronght  irons,  may  be  heated  to  redness,  qnenched  in  water,  and 
subsequently  bent  double  without  cracking,  or  may  be  twisted  into  any  form,  like  as 
much  lead."    Vide  Proceedings  Institute  C.E.,  vol.  xlii.,  Part  IV. 

{  This  heating,  however,  must  reach  a  certain  minimum  of  temperature  in  each 
case,  the  minimum  depending  upon  the  nature  of  the  steel. 
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Effects  of 
rapidly  cooled 
steel. 

Cooling  in  a 
bad  condaetor 
of  heat. 


Tempering. 


Chaofe  pro- 
duced. 


Effects  on 
highly  car- 
buretted  steel. 


Utioertunty 
and  expense 
of  steel. 


The  softer  the  steel  the  more  ductile  it  is,  the  less  readily  can  it  be 
tempered,  the  lower  is  its  limit  of  elasticity  andiits  tenacity.  Other 
things  being  equal,  the  more  rapidly  it  is  cooled  the  harder  it  becomes, 
but  at  the  same  time  the  higher  natures  are  rendered  more  brittle. 
When  cooled  in  a  comparatively  bad  conductor  of  heat,  such  as  oil,  the 
mass  parts  with  its  heat  slowly,  and  is  not  only  made  more  elastic  and 
harder  but  also  toughened,*  while  in  any  case  the  limits  of  elasticity 
and  tenacity  approach  one  another  more  nearly. 

The  effect  of  tempering  upon  the  metal  is,  of  course,  comparative  ; 
thus  experiments  have  shown  that  certain  soft  steels  containing  from 
0*15  per  cent  to  0*22  per  cent,  or  0*24  per  cent,  of  carbon,  were  de- 
cidedly toughened  by  heating  to  a  red  heat,  and  then  being  quenched 
in  water.  The  steel  used  for  our  Woolwich  gun-barrels,  containing 
about  0*3  per  cent,  of  carbon,  would  be  made  very  hard  but  also  very 
brittle  if  so  heated  ;  therefore  it  is  tempered  in  oil,  as  being  a  worse 
conductor  of  heat  than  water,  and  is  thus  toughened. 

The  change  in  the  character  of  steel  produced  by  tempering  depends 
not  only  upon  the  constitution  of  the  steel  itself,  and  upon  the  nature  of 
the  medium  into  which  the  steel  is  plunged,  but  also  upon  the  degree 
of  heat  imparted  to  the  mass  beforehand. 

This  is  shown  well  by  the  following  table  given  by  Mr.  Kirkaldy  :— 


Nature  of  Bpedmen. 


Tenacity 

(tons  per 

sqaaremch). 


Blongation 
per  cent. 


Character  of  Fracture. 


1.  Highly  heated,  and  cooled 

in  footer  -  -  - 

2.  Hiffhly  heated,  and  cooled 

slowb/      .  .  - 

3.  Moderately    heated,      and 

cooled  inuU 

4.  HighW  heated,  and  cooled 

inou       -  -  - 


30 

0 

36^ 

22 

•     63 

14i   { 

58 

2i 

Entirely  granular. 

Entirely  fibrous, 
jlrd  granular, 
frds  fibrous. 

Almost  entirely  granular. 


Should  the  steel  be  too  highly  carburretted,  or  be  in  too  large  a  mass, 
it  is  liable  to  fracture  during  the  process  of  toughening. 

With  the  higher  natures  we  can  obtain  very  great  strength  and 
elasticity,  though  we  lose  in  ductility  and  have  a  more  brittle  material. 
We  have  also  the  great  advantage  of  hardness  and  homogeneity,  giving 
us,  when  required,  a  very  smooth  surface  quite  free  from  flaws. 

Until  farther  improvements  are  made,  these  advantages  are  counter- 
balanced by  great  uncertainty  |  as  to  the  behaviour  of  the  material, 
especially  in  the  higher  or  harder  steels.  The  greater  cost  of  steel  of 
sufi&ciently  good  quality  is  also  a  disadvantage  when  we  compare  it  with 
wrought  iron.J 

The  brittleness  and  uncertainty  of  this  material  prevent  us  employing 
steel  as  a  sole  material  for  any  gun  save  the  small  7-pr.  for  boat  and 


*  Vide  p.  169  as  to  toughening  tubes  for  service  guns. 

t  If  this  uncertainty  be  overcome,  sted,  according  to  our  definition  of  an  alloy  of 
iron,  cast  into  a  malleable  ingot,  may,  perhaps,  prove  a  satisihctory  gun  metaL  The 
several  parts  being  made  of  steel  of  different  qnaUties,  that  portion  for  the  inner  barrel 
being  hard  and  elastic,  and  that  for  the  outer  portions  becoming  softer  and  more 
ductile  as  we  approach  the  exterior. 

\  Numbers  of  steel  guns  are  made,  both  in  England  and  by  foreign  gunmakers,  the 
oater  portion  being  of  amuoh  milder  or  less  carburetted  natore  o£  steel  than  the  barrel, 
but  as  yet  it  is  doubtful  whether  such  guns  caii  be  trusted,  on  account  of  the  uncer- 
tainty of  their  materiaL    Many  such  steel  guns  have  bant  under  service  conditions. 
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mountain  service  (vide  p.  251).    Although,  however,  steel  is  not  such  a      CHAP.  I. 
material  as  we  should  employ  for  the  sole  manufacture  of  a  gun,  yet  it  is 
admirably  suited  for  the  inner  barrel,  as  it  is  very  strong  and  gives  us  a  why  well 
hard  clean  surfekce,  while  its  limit  of  elasticity  is  high,  so  that  even  a  suited  for  gun- 
heavy  strain  does  not  stretch  it  permanently  and  deform  the  bore.     It  barrels, 
may  indeed  split  if  subjecr  to  too  great  a  pressure  when  not  properly 
supported  by  the  exterior  layers,  but  by  putting  a  wrought  iron  jacket 
outside  we  prevent  any  danger  from  that  cause ;  for  should  the  steel 
tube  burst,  the  wrought  iron  exterior  will  prevent  any  explosive  rupture. 

Tests  applied  to  Steel  in  the  R.G.F. 

For  our  own  gun  barrels  we  require  steel  of  a  certain  quality  which  Quality  of  steel 
is  not  too  high  or  brittle  when  toughened,  and  which  will  yet  give  us  required  for 
after  that  operation  a  sufficiently  hard,  tough,  and  yet  elastic  material.     fS^  barrels. 

On  account  of  the  uncertainty  of  steel,  each  ingot,  when  received  from 
the  contractor,  is  tested  in  the  R.G.F.  A  slice  is  cut  off  from  the  xestinir  of  an 
breech  end  and  divided  into  pieces  for  testing.  Some  of  these  are  flat  ingot 
bars,  4  inches  long  and  |  by  |  in  section,  and  others  are  of  the  shape 
usually  tested  in  the  machine  for  tensile  strength  and  elasticity,  viz., 
small  cylinders  2"  long  between  breaking  parts,  and  0*533  in  diameter, 
having  shoulders  at  each  end  by  which  they  are  fixed  in  the  machine. 

Three  of  the  former  are  marked  respectively  Sy  Z,  and  /T.  One  end  Bending  test 
of  the  S  or  soft  (t.e.,  untempered)  piece  is  gripped  in  a  vice,  whilst  the 
other  end  is  hammered  down  towards  it,  to  ascertain  that  Uie  steel,  by 
bearing  this  bending  without  cracking,  is  naturally  of  the  mild  quality 
required.  The  L  and  jET  pieces  are  raised  to  a  low  red,  and  high  heat 
respectively,  immersed  in  oU,  and,  when  cold,  treated  in  a  similar 
manner.  The  heat  is  judged  by  an  experienced  workman  from  the 
colour  of  the  specimen.* 

Whichever  of  these  pieces  bears  the  hammering  best,  determines  the 
heat  at  which  the  whole  tube  is  to  be  toughened  (see  page  169).  Should 
neither  piece  answer,  others  at  intermediate  temperatures  are  tried,  and  if 
all  fail,  the  block  is  returned  to  the  contractors  ;  but  some  specimen  having 
succeeded,  as  is  generally  the  casei  two  of  the  remaining  pieces-— one  in  its 
soft  state,  and  the  other  toughened  at  the  ascertained  temperature — are 
tested  for  tenacity  and  elasticity.  The  soft  material  should  begin  to 
stretch  permanently  at  13  tons  per  square  inch,  and  break  at  31  tons. 
The  toughened  piece  should  begin  to  stretch  at  31  tons,  and  break 
about  50.  The  permanent  elongation  is  also  taken,  but  it  is  not  con- 
sidered necessary  to  lay  down  any  limits  in  this  respect. 

The  machine  used   for  testing  tenacity  consists  of  two  levers,  one  Testof tenacity, 
acting  on  the  other  in  such  a  manner  that  any  weight  applied  to  the 
first  exerts  a  strain  200  times  as  great  on  the  test  specimen.f 


*  It  may  seem  remarkable  that  the  colour  at  which  a  razor,  a  chisel,  or  a  watch- 
ipring  must  be  tempered  is  definitely  fixed,  and  vet  that  the  heat  for  toughening  a 
gnnrbarrel  should  vary  in  shade  from  a  blood  red  to  a  bright  cherry.  Now,  did  the 
temperature  depend  alone  on  the  amount  of  carbon  in  the  steel,  it  would  appear  best 
to  toughen  every  barrel  at  a  bright  heat,  for  the  less  carbonized,  or  in  other  words 
the  milder  the  steel,  the  higher  is  the  temperature  at  which  it  toughens  most  sati»- 
fiustorily ;  but  it  is  a  &ct  that  the  denser  the  steel  is — t.e.,  the  more  it  is  hammered 
in  the  process  of  drawing  out — the  less  heat  does  it  require  for  successful  toughening ; 
hence,  each  individual  barrel  must  be  tested.  Doubtless  a  little  more  experience  will 
teach  us  the  exact  mildness  and  density  suitable  for  a  steel  barrel,  and  the  proper 
temperature  to  which  it  should  be  raised,  before  being  immersed  in  the  oil. 

t  A  description  of  this  machine  is  given  at  p.  110,  Chapter  V. 
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CHAP.  I.         Ingots  which  pass  all  the  foregoing  tests   are  accepted  and   are 

toughened  in  oil  at  the  approved  temperature  previous  to  being  put  into 

the  gun. 


Summary  of  the  Gun  Metals. 

Bronze. 

Summary  of  To  sum  up  as  to  gun  metals  generally, — 

the  gun  metalt.      Bronze,  an  alloy  of  copper  and  tin,  is  an  expensive  material,  too  soft 

for  the  bore  of  a  rifled  gun,  and  fiirther  liable  to  flaws,  due  to  the  want 

I  of  proper  mixture  of  its  constituents.     It  is  tough,  but  wanting   in 

elasticity  and  tenacity. 

Bronxe.  Much  advance  has  recently  been  made  in  the  treatment  of  this  alloy, 

but  the  defect  of  want  of  homogeneity  does  not  appear  to  be  overcome, 
while  any  such  advance  will  probably  be  easily  distanced  by  improve- 
ments in  the  much  stronger  metal,  steel. 

In  our  service  ordnance  we  no  longer  employ  bronze,  though  we 
retain  some  smooth  bore  bronze  ordnance  and  a  few. rifled  7 -prs.  made  of 
that  metal. 

Cast  iron. 

Cast  iron.  Cast  iron  is  cheap,  easily  worked,  but  of  low  tenacity  as  compared 

with  other  iron,  being  on  an  average  about  half  that  of  wrought  iron. 
It  can  be  fused  and  cast  without  difficulty  and  is  comparatively  hard. 
It  is  not  malleable,  and  therefore  incapable  of  welding.  It  is  brittle  and 
uncertain  in  character,  on  account  of  which  and  of  its  comparative  low 
tenacity,  we  no  longer  employ  this  metal  as  a  material  for  ordnance, 
and  only  retain  it  in  the  case  of  old  smooth  bore  guns,  and  for 
economy's  sake  in  rifled  guns  converted  from  such  pieces  by  strength- 
ening them  with  wrought  iron  barrels. 

Wrought  iron. 

Wrongfat  iron.        Wrought  iron  or  malleable  iron  obtained  from  cast  iron  without  being 

melted  subsequently,  when  it  contains  less  than  0*3  per  cent,  of  carbon 
(as  in  the  oase  of  the  wrought  iron  used  by  us  in  gun  manufacture),  has 
the  foUowing  qualities  : — 

It  is  almost  infusible,  but  readily  welded.  It  is  soft,  having  about 
one  half  the  hardness  of  cast  iron  ;  it  is  further,  from  its  mode  of  pro- 
duction, liable  to  flaws,  which  make  it  difficult  to  obtain  with  this  metal 
a  fair  and  clean  surface.  •  Its  elastic  limit  is  also  low,  and  these  qualities 
prevent  our  employing  it  any  longer  as  a  material  for  gun-barrels, 
except  in  the  case  of  our  converted  guns,  when  we  employ  it  in  con- 
junction with  the  brittle  cast  iron  for  the  sake  of  safety.  Most  of  our 
rifled  breech-loading  guns,  however,  and  the  earlier  R.M.L.  guns  are 
made  entirely  of  this  metal. 

The  comparative  softness  of  wrought  iron  causes  the  bore  and 
grooves  to  be  worn  and  indented  when  firing  the  enormous  charges  now 
used«  and  the  very  property  of  extensibility  which  renders  it  so  valuable 
for  tJie  exterior  is  to  a  certain  extent  a  disadvantage  in  the  inner  tube, 
which  becomes  more  and  more  enlarged  with  repeated  firing,  until  at 
last  the  material  is  stretched  so  far  that  it  must  yield,  and  the  barrel 
splits,  while  the  exterior  of  the  gun  remains  perfectly  sound. 

Wrought  iron  has  a  large  amount  of  tensile  strength  between  its 
limits  of  elasticity  and  fracture  due  to  its  ductility,  and  it  is  therefore  a 
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very  safe  material,  stretching  considerably  before  it  ruptures.     This      CHAP.  I. 

quality  combined  with  its  certainty,  cheapness,  facility  of  working,  and  

the  capability  it  possesses  in  a  high  degree  of  being  welded,  make 
wrought  iron  a  very  good  material  for  the  outer  portion  of  a  gun  where 
small  flaws  are  of  no  consequence,  but  where  we  require  above  all  a 
material  to  be  depended  on  in  case  of  rupture  of  the  inner  barrel ;  we 
consequently  employ  wrought  iron  for  the  exterior  of  all  the  built  up 
rifled  guns  now  manufactured. 

StccL 

Steel  is  a  fusible,  malleable  alloy  of  iron  with  carbon  and  other 
impurities.  When  it  contains  above  0*2  per  cent,  of  carbon,  as  that 
employed  by  us  in  gun  manufacture,  it  possesses  some  of  the  qualities 
both  of  cast  iron  and  wrought  iron.  It  can  be  easily  fused,  and  on  the  steel, 
other  hand  is  malleable  and  more  or  less  weldable,*  according  as  it  is 
comparatively  soft  or  hard. 

It  is  tough  and  elastic,  with  a  much  higher  tenacity,  but  not  neces- 
sarily of  greater  tensile  strength  than  wrought  iron.  By  tempering 
this  material  we  can  increase  very  much  its  limit  of  elasticity  and 
tenacity.     We  can  also  l)y  the  same  method  make  it  extremely  hard. 

As  it  has  been  melted  when  in  a  malleable  condition,  it  is  free  from 
the  foreign  matters  entangled  between  its  pai'ticles  such  as  we  find  in 
wrought  iron ;  consequently  it  is  homogeneous  and  allows  us  to  obtain  a 
clean  surface. 

The  qualities  of  hardness,  homogeneity,  high  elasticity,  and  great 
tenacity,  make  steel  a  good  material  for  the  inner  barrel  of  a  gun. 

Cast  steel  as  at  present  made  has,  however,  the  great  defect  of  uncer- 
tainty ,f  while  such  steels,  when  suitable  for  an  inner  barrel,  from  being 
hard  and  of  high  tenacity,  have  little  margin  between  their  limits  of 


•  Though  always  far  inferior  in  this  property  to  wrought  iron. 

f  Thus  we  find  that  even  with  the  ingots  of  expensive  and  most  excellent  steel 
obtained  for  the  tubes  of  Woolwich  guns,  some  do  not  stand  the  tests  for  quality, 
though  apparently  made  of  exactly  the  same  material  and  manufactured  in  precisely 
a  similar  manner  to  other  ingots  which  give  the  required  results  as  to  strength,  hard- 
ness, and  elasticity. 

On  this  point  Sir  W.  Armstrong  says,  Address  of  1869  to  Institute  of  Mechanical 
Engineers  :  **  The  conclusion  at  which  I  long  since  arrived,  and  which  I  still  main- 
tain, is,  that  although  steel  has  much  greater  tensile  strength  than  wrought  iron,  it  is 
less  adapted  to  resist  concussive  strain.  This  conclusion  is  in  strict  harmony  with 
the  fact  that  armour  plates  made  of  steel  have  proved  on  every  occasion  of  their  trial 
greatly  inferior  to  plates  of  wrought  iron.  The  experiments  which  I  made  some  years 
ago  on  the  toughening  of  steel  m  large  masses,  by  immersion  when  heated,  in  oil, 
led  me  to  expect  that  this  fragility  would  be  obviated  by  that  process ;  and  I  felt 
sanguine  that  I  should  be  able  by  such  treatment  to  produce  steel  armour  plates  of 
extraordinary  resisting  power.  An  armour  plate  of  steel  was  accordingly  manufac- 
tured for  experiment,  and  was  tempered  in  a  large  bath  of  oil.  Its  quality  was  tried 
by  test  pieces  cut  off  after  tempering,  and  proved  by  tension  and  bending.  The 
result  showed  a  very  high  tensile  strength,  combined  with  so  much  toughness,  that  I 
was  unable  to  match  its  bending  power  by  any  sample  of  iron  I  could  compare  with 
it.  The  plate  was  then  sent  to  Portsmouth  for  trial,  in  the  fullest  confidence  of  its 
success,  but  two  shots  fired  from  a  68-pr.  S.6.  gun  sufficed  to  break  it  in  various 
directions,  and  it  was  justly  pronounced  a  failure.  With  these  experiences  before  me, 
it  is  impossible  that  I  can  hold  any  other  opinion  than  that  the  vibratory  action  attend- 
ing excessive  concussion  is  more  dangerous  to  steel  than  iron,  and  were  it  not  necessary 
to  provide  a  harder  and  more  homogeneous  substance  than  wrought  iron  for  the  sur- 
face of  the  bore,  I  should  entirely  discard  steel  from  the  manufieuiture  of  ordnance.'' 

The  results  of  the  late  Italian  trials  against  steel  plates  hardly  bear  out  the  above 
conclusions,  and  seem  to  show  a  great  advance  in  the  manufacture  of  soft  steel. 

40152.  B 
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CHAP.  I.     elasticity  and  rupture,  and  are   consequently   liable  to   fly  to   pieces 
—  suddenly  without  warning.     We  therefore  use  steel  alone  for  the  manu- 

facture of  but  one  nature  of  gun,  the  small  rifled  7-pr.,*  but  employ 
this  metal  for  the  barrels  of  all  our  K.M.L.  guns,  except  in  the  earlier 
natures,  before  mentioned,  which  have  wrought  iron  tubes. 


Not  a  tingle 
rifled  gun 
of  oar  own 
manofactare 
bnnt  on 
semce. 


Materials  at  present  used  in  Service  Ordnance, 

We  manufacture  our  present  ordnance  from  mild  steel  toughened  in 
oil  for  the  inner  barrel,  and  from  good  ductile  wrought  iron  for  the 
remaining  portions. 

So  admirably  do  these  materials  answer  as  we  now  employ  them,  that 
we  may  boast  of  having  thousands  of  rifled  guns  thus  built  up,  from  the 
9-pr.  weighing  but  6  cwt.,  to  the  16-inch  gun  of  80  tons  weight,  not  one 
of  which  has  burst  explosively  on  service,  nor  has  the  sacrifice  of  a 
single  life  been  due  to  their  breaking  up.f     Under  service  conditions 


*  That  farther  advances  in  steel  manufacture,  especially  in  its  treatment  after  cast- 
ing, may  at  a  future  time  enable  us  to  make  guns  wholly  of  steel,  and  still  stronger 
than  our  service  piecen,  is  perhaps  possible.  It  will,  however,  in  that  case,  be  little 
more  than  a  difference  of  terms,  as  the  very  soft  steel  which  would  be  used  for  the 
exterior  portions  would  in  most  of  its  characteristics,  in  durability,  margin  of  safety, 
&c.,  resemble  the  wrought  iron  we  now  use.  Before  there  is  any  chance  of  onr 
thus  using  steel,  however,  we  must  have  much  greater  certainty  in  quality  ensured 
to  it  than  we  have  at  present. 

t  When  we  compare  our  own  with  foreign  ordnance,  made  of  other  material,  we 
find  a  very  different  tale. 

As  to  cast  iron  used  alone  or  strengthened  by  wrought  iron  superimposed  rings, 
many  such  guns,  R.M.L.,  on  the  Parrott  construction,  were  us^ed  in  the  American 
war  of  1860,  and  we  find  that  these  failed  most  signally ;  thus  we  are  told  that  <*  In 
the  attack  on  Fort  Fisher  all  the  Parrott  guns  in  the  fleet  burst  By  the  bursting  of 
five  of  these  guns  at  the  first  bombardment  45  persons  were  killed  and  wounded, 
while  only  1 1  were  killed  or  wounded  by  projectiles  from  the  enemy's  guns  daring 
the  attack.''     (Report  on  Ordnance,  United  States  Senate,  25th' February  1869.) 

In  France,  the  heavy  guns  constructed  of  cast  iron,  strengthened  with  steel  hoops 
and  barrel,  have  not  always  been  successful,  and  only  a  short  time  ago,  in  1875 
a  17-ccnt*  ^im  of  this  construction  burst,  it  is  understood,  while  firing  service 
charges ;  killmg  one  gmiuer  and  wounding  an  ofiiccr. 

As  to  the  danger  and  uncertainty  of  steel  when  used  alone  we  have  ample 
evidence,  both  in  this  and  other  countries,  and  a  very  long  hst  of  ordnance  con- 
structed solely  of  this  material  which  have  burst  explosively  and  on  many  occasions 
caused  considerable  loss  of  life. 

Some  instances  are  given  below,  the  greater  number  of  which  are  extracted  firom  a 
valaable  paper  by  the  late  Lieut.-Col.  Ilaig,  F.R.S.,  R.A.,  in  Proceedings  R.A.I., 
Vol.  VI.  "  On  Heavy  Rifled  Guns." 

In  June  1860,  a  puddled  steel  12-pr.  made  by  the  Mersey  Steel  and  Iron  Works 
burst  at  Shoeburyness  at  the  sixth  round. 

In  June  1861,  a  7-inch  steel  gun  by  the  same  makers  burst  at  the  sixteenth  round ; 
while  in  November  of  the  same  year  a  20-pr.  Krupp  gun  burst  at  the  second  round. 

In  March  1862,  a  French  30-pr.  steel  gun  burst  at  Gavres. 

In  August  1865,  a  Krupp  9j-inch  steel  gan  burst  with  a  moderate  charge  of 
powder,  a  Prussian  committee  attributing  the  failure  to  inferiority  of  the  metal.  In 
Russia,  during  the  same  year,  a  9^-inch  gun  of  Erupp's  steel  burst  at  the  sixty-sixth 
round,  and  an  8^inch  similar  gun  burst  at  the  ninety-sixth  round. 

In  June  or  July  1866,  a  9-inch  Krupp  gun  burst  in  Russia  at  the  the  fifty-sixth 
round ;  while  in  the  same  year  a  field  gun  by  the  same  maker  burst  at  Berlin,  killing 
three  cadets. 

During  the  Prussian  campaign  against  Austria  in  1866,  six  Prussian  steel  field 
guns  burst. 

In  January  1867,  a  7-inch  Krupp  gun  burst  at  the  second  round  of  proof,  at 
Woolvich  ;  and  in  the  same  year  a  4-pr.  burst  at  Tegel,  near  Berlin,  killing  two  men. 
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in  fact,  no  built  up  gun  of  wrought  iron  and  steel  of  our  present  manu- 
facture has  failed  from  any  defect  due  to  the  materials  of  which  it  was 
made.  With  this  safety  and  certainty  in  our  material  we  may  well  be 
satisfied,  though  our  authorities  are  by  no  means  blind  to  the  advances 
in  metallurgy,  and  will  be  always  ready  to  adopt  new  materials  if  proved 
really  superior  for  our  purposes  to  those  we  now  employ. 


CHAP.  I, 


TABLE  I. 

Table  showing  the  Elastic  Limit  and  TENAaxr  of  Average 
Specimens  of  the  Metals  used  in  the  R.6.F. 


Materials. 

Tons  per  Square  Inch  at 

Elongation  per 

Inch  at 

Breaking. 

Yielding. 

Breaking. 

Bronze-           -           -           .           - 
Cart  iron  {^"^           I           I           I 
Wrought  iron  along  its  fibre     - 

®^*  {tempered  in  oil             -           - 

6-8 

>  about  4*  ' 

11-0 
13-0 
31  0 

14-9 
9-0 
14*0 
22-0 
31-0 
47-0 

0-29" 

• 

0-3  " 
0-21" 
0-11" 

These  numhers  show  of  course  only  a  rough  average  approximation 
with  reference  to  the  particular  natures  of  the  metals  mentioned  which 
are  used  in  the  R.6.F. 

Boughlj  speaking,  wrought  iron  is  twice  as  hard  as  bronze,  cast  iron 
is  twice  as  hard  as  wrought  iron,  and  hardened  steel  is  twice  as  hard  as 
cast  iron. 


In  1868,  an  8-inch  Sjupp  gun  hurst  on  board  the  Russian  frigate  **  Alexander 
Newskj,"  in  the  Baltic,  very  destructively,  killing  1 2  and  wounding  30  men. 

In  1869  (January  27th),  a  similar  gim  burst  in  Prussia  into  twenty  pieces. 

Besides  these  guns  large  guns  constructed  of  steel,  supplied  cither  by  Knipp  or 
Petin  and  Gaudet,  have  burrt  violently  at  Madrid  and  Turin. 

Again  in  1872  a  11-inch  Krupp  gun  burst  at  the  chase,  and  blew  off  about  3  feet 
of  the  muzzle  when  firing  the  service  charge. 

In  an  official  Report,  dated  1 873,  we  have  mention  of  two  heavy  steel  guns  bursting 
violently  in  Russia  in  that  year. 

During  the  Carlist  War  of  1874-75  several  steel  mountain  guns  burst. 

In  1874  we  are  told  that  '<  some  Krupp  guns  were  being  tested  in  Japan,  when  one 
of  them  with  15  lbs.  of  powder  and  a  70-lb.  projectile,  burst  under  the  fourth  round ; 
huge  pieces  of  metal  flew  in  every  direction,  but  luckily  no  one  was  injured." 

*  The  specimens  of  cast  iron  tested  in  the  R.G.F.  are  too  short  to  enable  the 
yielding  point  and  elongation  to  be  very  accurately  determined.  * 
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Table  showiDg  Resclts  of  Adstbian  Experiments  upon 

Gun  Metals. 


WeiKht  in 


li-mi 
u-sm 
u-en 


Tensile  .trenail, 
toiii  per 


^■9,    ruplurt 


—      g_;        Steol 


ElongUfon  in  hundred-thounndi  of  Ihi^  lengtb. 


,|:| 


I    B 


I'll 


Ji 


*  This  hnrdnesi  wiu  Tneunred  by  tlie  indrnUtion  mnde  In  tho  speciincti  bj  >  kuilo  vith 
gnvvn  lUtical  prcBiurc,  K  thut  the  greater  the  indentation  given  the  goner  the  inetal  will 
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GUN  CONSTRUCTION  GENERALLY.' 


CMiB  comitrueUon  renerallj.— Casting. — Building  up. — Bore. — Tangential  and 
longitudinal  stresses. — Strength  of  a  cylinder  limited. — Barlow's  theory. — 
American  Rodman  guns. — Austrian  Uchatius  guns. — Systems  of  initial  tension. — 
Varying  elasticities. — Armstrong  principles. — Wrought  iron  coils. — Arrangement 
of  fibre  tangentially  and  longitudinally. — Palliser  guns. — Shrinkage. — Com- 
presfdon. — ^Tension. — Disposition  of  metal  in  service  guns. — Constmotloii  of 
our  RJi.&.  innfl. — Prasor  eonstmotloii. — First  trial  of  9-inch  guns  on  the 
cheap  plan. — Trial  of  G4-prs. — Adoption  of  clieap  constmctloii. — Bursting 
of  a  9-inch  gun  at  proof. — Final  trial  of  9-inch  guns. — Why  steel  is  used  for 
our  gun  barrels. — ConTOrted  8:11ns,  why  wrought  iron  barrels  used. — General 
question  of  8.&.  v.  M.&. — Some  advantages  and  disadvantages  of  both  systems. — 
Chambering. — Enlarged  chambers  and  results  produced. — miUng'. — Angtdar 
velocity. — Velocity  of  translation. — Twist. — Angle  of  rifling. — Uniform  or 
increasing  twist. — Centring  of  projectile. — Ix>ading  and  driving  side  of  groove. — 
Pressures  upon  studs,  groove,  and  bore. — With  uniform  and  increasing  twist. — 
Advantages  of  the  increasing  twist. — The  grooves. — Stud  system. — Grooves  of 
B.L.  guns  and  M.L.  guns. — Shunt  groove. — Plain. — Woolwich.— French 
modified. — French. — Experimental. — Ventliir  and  vents. — Copper  bush. — 
Steel  bash. — Wrought  iron  bosh. — ^Position  of  vent. — R.B.L.,  S.B.,  and  R.M.L. 
guns. — In  turret  ships. — ££fects  consequent  on  position. — Axial  vent. — Position 
of  vents  in  small  guns. — Forward  vents. — Vents  in  converted  guns. — Howitzers 
and  40-pr.  downwards. — Cone  and  through  vents. — For  converted  guns. — 7-pr. 
steel  gun  exceptional. — 80-ton  gun. — Wear  of  vent. — Plans  for  prevention  of 
wear. — Slirlitiiiff  generally. — Fore  sights. — ^Tangent  sights. — Sights  for  S.B. 
ordnance. — Sights  for  rifled  ordnance. — Angle'  of  deflection. — Determination  of 
pemuinent  angle  of  deflection. 

How  should  a  gun  be  constinicted  ?     This  question,  so  often  asked,  is  Gun  con- 
not  so  readily  answered  ;  when  we  begin  to  think  over  the  matter,  we  ■taction, 
discover  that  the  problem  set  before  us  is  so  complicated,  and  depends  A  very  oomplex 
upon  so  many  variables  that  its  solution  is  no  easy  matter.  problem. 

It  has  indeed  been  solved  by  many  an  inventor  to  his  own  complete 
satisfaction,  but  otherwise  there  remain  points  on  which  gunmakers  so 
far  must  agree  to  differ. 

To  take  seriatim  those  which  we  have  principally  to  consider  in  con- 
structing a  piece  of  ordnance. 

hi  the  first  place,  there  is  (1)  the  absolute  casting  or  building  up  of  the  Principal  con- 
gun  ;  then  follows  (2)  its  completion  as  a  B.L.  or  M.L.,  and  also  the  ^^®™"®^^' 
question  of  what  should  be  (3)  the  length  of  bore,  calibre,  &c.,  and  the 
dimensions  of  chambers,  if  any  ;  subsequently  (4)  the  adoption  of  a 
suitable   system    of    rifling,  and    lastly   the    minor    considerations   of 
(5)  venting  and  (6)  sighting. 

1.   Casting  or  building  up  the  Gun. 
Setting  on  one  side  then,  for  the  present,  the  vexed  question  of  B,L. 

*  This  chapter  does  not  pretend  to  deal  in  any  way  exhaustively,  nor  to  lay  down 
the  law  as  to  the  complex  question  of  gun  construction,  but  rather  to  diaw  attention 
to  the  main  points  to  be  considered  with  the  view  of  inducing  thought  on  the  svlyeet. 
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versus  M.L.,  and  the  equally  disputed  point  as  to  the  sjstem  of  rifling 
which  should  he  employed,  let  us  look  at  a  gnu  merely  as  a  tuhe  des- 
tined to  withstand  a  given  pressure  from  within  when  throwing  a  projectile 
which  shall  produce  certain  efl^ects  at  the  required  distance  or  distances. 

Lq  constructing  such  a  tube,  we  must  first  consider  what  pressure  it 
will  have  to  withstand  when  iiretl,  and  then  make  it  strong  enough  to 
ensure  perfect  safety.  The  bore  also  shoidd  be  of  such  a  material  as  to 
stand  the  wear  and  tear  of  firing  a  large  number  of  rounds  without 
being  so  damaged  by  expansion  or  abrasion  as  to  interfere  with  the 
shooting. 

Not  only  must  the  gun  be  suflicieutly  strong,  but  it  must  not  be  too 
costly,  nor  too  heavA*,  so  it  is  important  that  the  material  should  be 
arranged  in  such  a  manner  that  there  should  be  no  waste  of  its  strength, 
arranged  in  fad  so  that  every  part  should  perform  its  own  share  in 
withstanding  the  pressure  from  within. 

When  the  shot  begins  to  move,  or  more  usually  shortly  afterwards, 
the  pressure  inside  the  gun  gets  less  (vide  p.  340),  and  continues  to  decrease 
as  the  projectile  approaches  the  muzzle ;  for  this  reason  we  have  to  make 
the  gun  stronger  about  the  powder  chamber  than  towards  the  muzzle 
end,  more  especially  in  rifled  guns  where  the  pressure  is  much  greater 
than  in  S.B.  ordnance,  and  where  the  shot  does  not  move  so  soon.* 

Looking  simply  to  the  construction  of  a  gun  cylinder,  we  find  that 
the  two  principal  stresses!  to  which  such  a  cylinder  is  subjected  upon 
the  explosion  of  the  charge  are  :  first  and  most  important,  (a),  a  circum- 
ferential tension  tending  to  split  the  gun  open  longitudinally  ;  secondly, 
(b),  a  longitudinal  tension  tending  to  pull  the  gun  apart  in  the  direction 
of  its  length. 

(a.)  CircumferenHal  Tension. 

Now  the  least  complicated  method  of  making  a  gun  would  seem  to  be 
that  of  casting  it  as  a  homogeneous  hollow  cylinder,  but  if  we  take  such 
a  tube,  made  of  one  material  throughout,  we  find  that  its  tangential 
strength  to  resist  a  pressure  from  within  does  not  increase  unLformly 
with  its  thickness. 

We  find  practically  that  with  a  given  material  we  soon  reach  a  limit 
beyond  which  any  additional  thickness  of  wall  aids  but  little  in  enabling 
the  cylinder  to  withstand  such  a  pressure ;  supposing  the  metal  to  be  in- 
compressible, this  limit  is  taken  at  about  half  a  calibre,  so  that — ^for 
example,  in  the  cylinder  of  an  hydraulic  press — if  the  thickness  of  its 
walls  be  equal  to  one  half  the  diameter  of  the  piston  which  works  inside, 
then  the  cylinder  will  be  nearly  as  strong  as  if  it  were  ten  times  as 
thick. 

To  give  an  instance  from  our  own  ordnance ;  the  sides  of  the  13-inch 
S«S.  mortar  are  twice  as  thick  as  those  of  the  1 3-inch  L.S.,  but  the 
former  piece  is  not  by  any  means  twice  as  strong  as  the  latter. 

In  fact,  however  thick  we  make  the  sides  of  such  a  cylinder,  we  can 


^  The  ^eater  the  weight  of  a  projectile,  the  greater  is  the  opposition  from 
inertia  which  it  offers  in  the  bore  to  the  expansion  of  the  ignited  charge,  and 
this  opponition  is  alM)  slightly  increased  if  the  projectile  is  obliged  to  travel  through 
the  bore  in  a  spiral  course,  so  it  is  easy  to  understand  why  a  rifled  gun  must 
be  of  stron^rer,  toucher,  and  more  elastic  material  than  a  smoodi-bore  gun^  in  which 
the  round  shot  yields  more  promptly  to  the  flrst  pressure  of  the  powder  gas  (to  which 
it  presents  half  its  surface),  while  the  stress  on  the  gun  is  much  relieved  by  the  com- 
paratively great  windage. 

t  Besid^  these,  we  have  (c)  the  stress  of  compression  or  crushing  stress,  tending  to 
diminish  the  thickness  of  the  metal,  and  (d)  a  transverse  stress,  tencung  to  stretch  the 
gan  tnnfvenely. 
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onlj  obtain  a  certain  strength  from  it,  depending  upon  the  nature  of  the     CHAP.  II. 
material  used.  

It  is  generally  agreed  that  no  possible  thickness  can  enable  a  cylinder  Strength  of  a 
to  bear  a  continual  pressure  from  within,  greater  on  each  square  inch  lioniopneoiis 
than  the  tenacity  of  a  square  inch  bar  of  the  material ;  that  is  to  say,  kVthe  g^^S 
if  the  tenacity  of  cast  iron  be   11   tons  per  inch  no  cast  iron  gun  how-  of  j^g  mateSd. 
ever  thick  could  bear  a  charge  which  would  strain  it  beyond  that  pointy 
for  on  the  fii"st  round  the  interior  layer  would  be  ruptured  before  the 
outer  portion  could  come  into  play  and  every  succeeding  round  would 
tend  to  make  matters  worse.* 

To  b^in  with,  supposing  the  metal  incompressible,  Professor  Barlow,  Professor 
F.R.S.  (whose  theory  is  generally  adopted,  though  known  to  be  but  BarloVs 
approximately  true),  arrived  at  the  conclusion  that  the  circumferential  ^^^U  ^^^ 
tension  of  every  concentric  layer  of  metal  of  a  gun  is  inversely  as  the  ^  !^^^*  ^ 
square  of  its  distance  from  the  centre  of  the  bore.      The  following  layers  of  metaL 
being  his  method  of  proof  : — 

Suppose  the  metal  of  which  a  hollow  cylinder  is  made  to  be 
incompressible,  which  would  be  the  most  favourable  case,  then  the 
tension  of  any  cylinder  due  to  a  pressure  acting  from  within  is  inversely 

as  the  square  of  the  distance  from  ^^ .^_ 

the  centre. 

LetCa=r=CA=R 
CA  =  r'  =  CB  =  R' 

and  let  the  solid  lines  in  Fig. 
represent  the  inner  and  outer  sur- 
faces of  a  hollow  cylinder  before 
extension,  and  the  dotted  lines 
represent  the  same  after  extension. 

Then  in  this  case  we  have  sup- 
posed the  area  between  the  dotted 

lines  is  equal  to  the  area  between  ^" - 

the  solid  lines,  or 

ir  CR2  —  i-a)  _-  ^  (R'2  «  ^'2)  or  A  =  A'. 


*  This  assumption  is  founded  on  the  supposition  that  the  metal  is  incompressihie, 
and  that  in  consequence  the  tension  on  each  layer  is  inversely  as  the  square  of  its 
distance  from  the  centre  ;  no  account  is  taken  of  the  compressibility  of  the  metal, 
which  would  allow  of  a  greater  tension  of  the  exterior  to  that  given,  while  again  it 
supposes  that  the  tension  is  transmitted  instantaneously  throughout  the  thickness 
which  gives  an  error  in  the  opposite  direction. 

Taking  extensibility  and  compressibility  into  consideration,  the  stress  on  the 
exterior  layers  is  greater  than  that  shown  by  Barlow's  formula ;  the  actual  tension 
of  each  layer  probably  lies  somewhere  between  the  results  given  by  the  under- 
mentioned formnla  of  Dr.  Hart,  and  that  of  Professor  Barlow. 

The  latter,  however,  is  the  simpler,  and  its  results  have  been  shown  to  be  fairly 
trustworthy  in  practice. 

Dr.  Hart,  Fellow  of  Trinity  College,  Dublin,  having  taken  into  account  the  exten- 
nbiHty  and  compressibility  of  the  metal,  the  latter  of  which  Professor  Barlow 
nefflecta,  calculated  that  there  is  ag^reater  tension  of  the  exterior.  His  formula  may  be 
written  thus — 

<r     r^Ji^  +  r 
s^p^lP  +  r^- 

R  and  r  being  the  external  and  internal  radii,  p  the  radius  of  an  intermediate  lamina 
of  which  <r  is  the  tension,  and  s  the  tension  of  the  inside. 

If  we  want  to  compare  the  strain  on  the  inside  with  that  on  the  outaide;  p^B^  and 
we  have  by  inversion, — 

s     R^  +  r^ 

<r""     2r«    • 
In  the  ease  of  the  lO-inch  gun  before  referred  to,  the  tension  of  the  interior  com- 
pared with  that  of  the  exterior,  would,  according  to  Barlow,  be  as  100  to  85,  or  four 
tunes  as  great,  bat  aocordmg  to  Hart,  only  as  125  to  50,  or  2^  times  as  great. 
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But  88  A'  is  further  removed  from  the  centre  its  length  is  greater, 
and  therefore  its  breadth  less,  so  that  the  absolute  extension  of  A' 
compared  to  that  of  A  will  be  inversely  as  their  i*adii; 

In  other  words,  if  R'  —  R  =  rfR 

r'  —  r   z=z  dr 

Then  rf  R  :  rfr  :  :  r  :  R 
or  rf  R .  R  =  rfr .  r 

Multiplying  and  dividing  the  two  terms  of  this  equalities  by  R  and  r 
respectively,  we  have 

K  r 

d^     d  r  9     no 

or  -— -  :  —  :  :  r2  :  R2 

Iv         r 

Now  the  strain  is  the  increase  in  length  produced,  divided  by  the 

original  length,  so  that  if  --      represents  strain  on  A,  then  —       repre- 

R  r 

sents  sti'ain  of  A',  so  that  the  strain  upon  any  concentric  layer  diminishes 

as  the  square  of  its  distance  from  the  centre,  or  the  strains  of  such 

layers  are  to  one  another  inversely  as  the  square  of  theii*  radii. 

We  can  now  find  what  the  total  resistance  of  any  hollow  cylinder  would 

be  to  a  pressure  from  within  according  to  the 
formula.     In  the  figure  below,  showing  section 

of  a  homogeneous  cylinder,  let    »  J7  tj     and  o 

centre  of  the  bore,  being  the  origin  of  the  axes 
of  X  and  y,  the  abscissae  will  represent  the 
distance  from  the  centre,  and  the  ordinates 
a  p,b  q  the  stress  or  tension  of  the  different 
concentric  layers. 

For   the   curve  pq   we    have    the    equation 

!/  =—^j  for  the  tension  y  varies  invei-sely  with 

a^  and  directly  with  c,  which  is  a  constant 
depending  upon  the  pressure  exerted,  and  the 
radius  of  bore  (r). 

Now  the  total  useful  effect  (  T  )  to  be  got  out 
of  such  a  cylinder  is  equal  to  the  sum  of  the 
tensions  on  the  different  layera  multiplied  by  the 
thickness  of  each  layer,  and  will  be  represented 
by  area  a  p  q  b. 


R 


orT=^(R-r) 
where  c  is  a  constant  depending  on  the  pressure,  etc. 


If  the  tension  were  unifonnly  the  same  as  at  r,  we  should  have  each 
layer  of  metal  offering  the  same  amount  of  resistance,  i.e.,  we  could  utilise 
the  whole  strength  of  the  metal  in  the  thickness  of  the  cylinder.  Therefore, 
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were  the  tension  the  same  thronghout,  the  total  strength  (S)  would     CHAP.  II. 
plainly  be    [  ^  )    multiplied  by  thickness  of  metal,  or  S  =  -^  (R  —  r) 

T  _      Total  useful  effect       _  rR  ^^"''^^Ji 
S       Total  strength  of  metal       "^  ""  R 

in  wall.  ;i  (^  -  ^) 

or  the  value  of  such  a  cylinder  may  be  represented  by  the  ratio  of  its 
external  to  its  internal  diameter  multiplied  by  its  thickness.  It  is  clear 
that  the  thinner  the  wall  of  the  cylinder  the  greater  proportional 
amount  of  work  we  get  out  of  the  metal  composing  it,  as  represented  by 
the  ratio  of  (T)  the  total  useful  effect  to  (g),  the  total  strength  of  the 
metal  in  the  wall  of  the  gun,  while  the  greater  the  calibre  the  more 
advantageously  can  we  increase  the  thickness  of  our  gun  cylinder. 

To  find  the  greatest  possible  resistance  (Z)  of  such  a  cylinder,  we  will  How  to  find 

integrate  y =^  between  the  limi ts  |  ^  =  ^  «^|^* 

resistance. 
r 

now 


y?=4;-i} 


QC 

r 

But  to  find  the  value  of  c  we  know  that  when  y  is  a  maximum  then 
z  =  r.     And  if  the  maximum  value  of  y  be  expressed  by  Y. 

Then      c  =  Yr^. 

And       Z  =  —  =  Yr. 

r 

Now  the  total  tension  developed  by  explosion  tending  to  split  a  gun 
open  longitudinally  is /?r  where  p  is  the  pressure  per  square  inch  and 
r  =:  radius  of  bore.  When  an  explosion  takes  place  and  p  is  greater 
than  Y  the  cylinder  must  burst  ;  or,  in  other  words,  no  thickness  of 
metal,  however  great,  in  a  homogeneous  cylinder  can  withstand  a  pressure 
greater  than  the  tenacity  of  a  bar  of  the  same  metal. 

Initial  tensions  and  varying  elasticities. 

From  the  above  it  is  cleai*  that  guns  made,  as  S.B.  pieces  used  to  be  Initial  tensions 
manufactured,  by  casting  iron  or  bronze  into  clay  moulds  cannot  be  made  and  varying 
strong  enough  to  stand  more  than  a  certain  pressure  from  within,  for  the  ®l*s^icitie8. 
inner   portions   receive   the  brunt  of  the  explosion,  while   the   outer 
portions  are  hardly  affected  by  it  at  all,  and  consequently  there  is  a 
certain  amount  of  dead  weight  about  every  homogeneous  gun.     What 
we  require,  then,  in  manufacturing  a  gun  cylinder  is  not  to  make  it 
a  homogeneous  hollow  cylinder,  but  so  to  arrange  that  the  inner  portions 
shall  be  stronger  than  the  outer  parts,  and  to  obtain  from  each  concentric 
layer  of  metal  as  much  useful  effect  as  possible  in  withstanding  a  pres- 
sure from  the  interior.     How  to  carry  this  out  in  the  best  way  is  the 
problem  which  all  gunmakers  try  to  solve. 

In  America  Rodman  S.B.  guns  for  L.S.  were  made  by  casting  the  American 
piece  hollow  and  cooling  it  from  the  interior,  so  that  the  inner  portion  is  Rodman  guns. 
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CHAF.iII.     compressed  and  supported  by  the  contraction  of  the  outer  more  liquid 
—  portions  upon  it  while  cooling. 

This  was  a  great  step  in  advance  theoretically,*  for  the  layers  of 
metal  become  stronger  and  stronger  as  we  approach  the  surface  of  the 
bore,  where  the  strain  is  greatest.  But  however  well  cast  iron  may  be 
disposed,  it  is  naturally  too  weak  and  brittle  a  metal  for  use  with  heavy 
rifled  guns,  and  those  nations  which  employ  it  by  itself  for  such  guns  do 
so  because  it  is  cheap  and  easy  to  manufacture,  and  not  because  they 
consider  it  the  best  material. 

In  another  case,  that  of  the  Austrian  Uchatius  guns,  and  also  of  the 
Russian  LavrofF  guns,  now  being  made,  we  have  rifled  pieces  cast  from 
a  metal  homogeneous  only  as  to  material,  the  several  layers  of  which  are 
placed  in  a  state  of  tension  as  regards  the  exterior,  and  of  compression 
as  regards  the  interior,  by  casting  them  in  chill  and  subsequently 
driving  through  the  bore  of  the  gun  block  steel  mandrels  slightly 
increasing  in  size. 

The  inner  layers  are  so  made  harder,  and  although  a  portion  of  their 
elasticity  and  tensile  strength  is  overcome,  they  are  better  suppoited  by 
each  of  the  outer  concentric  layers,  and  are  given  higher  limits  of 
ultimate  strength,  both  as  to  elasticity  and  tenacity,  as  we  see  from 
Fig.,  p.  3,  should  be  the  case. 

Gunmakers  at  the  present  day  are  fortunately  no  longer  limited  to 
manufacturing  guns  by  casting,  but  can  build  up  a  hollow  cylinder,  the 
walls  of  which  may  be  compoaad  of  concentric  layers  of  different 
strength,  so  that  each  may  arrive  at  its  limit  of  elasticity  at  the  same 
time ;  so  that,  in  fact,  when  the  circumference  of  the  bore  reaches  its 
elastic  limit  and  becomes  permanently  deformed,  each  successive  ling 
from  within  outwards  is  also  permanently  deformed. 

This  object  we  may  obtain  by  employing  a  single  metal  for  the  several 
portions,  and  so  disposing  the  various  layers  over  each  other  that  the 
inner  layers  or  tubes  are  compressed  by  those  outside  them,  while  the 
exterior  tubes  are  at  the  same  time  put  into  a  state  of  tension  (and 
sometimes  slightly  stretched),  the  inner  layers  being  thus  strengthened 
at  the  expense  of  the  outer  portions  of  the  metal.  In  this  case  we 
obtain  the  whole  strength  of  all  the  layers  except  a  part  of  that  of  the 
outer  and  unsupported  ring.  It  must  not,  however,  be  for  one  moment 
supposed  that  this  theoretical  perfection  is  ever  reached  ;  the  nearest 
approach  to  it  is  far  from  perfect,  and  theoretic  advantages  have  to 
give  way  largely  to  practical  considerations  of  manufacture. 

Again,  we  may  arrive  at  a  similar  result  by  employing  metals  varying 
in  elasticity  or  in  tenacity  for  the  several  parts,  those  possessing  the 
largest  amount  of  strength  constituting,  of  course,  the  inner  portions, 
so  that  where  the  greatest  sti*ess  is  felt  it  will  be  borne  by  the  stronger 
material, 
loitial  tension.    ''  These  two  methods  are  sometimes  called  resnectively  those  of  initial 

tension  and  of  varying  elasticities.  They  may  be,  and  frequently  are, 
both  employed  in  the  manufacture  of  a  gun,  as  in  the  case  of  our 
so-called  Woolwich  guns. 

Whichever  mode  we  employ,  the  metal  in  each  ring  should  so  be 
disposed  as  to  be  in  the  best  position  for  resisting  the  circumferential 
stress  it  will  l>e  exposed  to. 


Varying 
elasticities. 


*  Practically,  however,  it  has  long  been  a  disputed  point  in  America  as  to  whether 
this  mode  of  casting  gave  in  reality  the  good  effects  supposed.  With  the  naval 
Dahlgrcn  gun  it  was  not  employed. 
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b.  Longitudinal  Tension.  CHAP.  n. 

In  the  above  considerations  we  have  confined  ourselves  to  the  Longitudinal 
strength  of  the  gun  to  resist  the  circumferential  stress.  This  stress  stress, 
is  so  much  greater  than  the  longitudinal  stress  to  which  a  piece  of 
ordnance  is  subjected  that  we  need  not  discuss  the  theoretical  con- 
siderations bearing  upon  the  latter.  It  has  been  calculated  that  the 
longitudinal  tension  in  a  gun  of  1  calibre  in  thickness  is  only  ^  of  the 
circumferential  tension. 

As  in  the  case  of  coils  or  tubes  required  to  resist  a  circumferential  Much  lets  than 
tension,  the  fibre  should  run  round  the  gun ;  so  for  the  pm'pose  of  circumferential 
withstanding  a  tension  the  fibre  should  run  lengthways,  as  it  does  in  the 
steel  tubes  of  Woolwich  guns,  and  in  the  solid  forged  breech-pieces 
of  the  Armstrong  rifled  breech-loading  guns.* 


Armstrong  Construction. 

To  Sir  W.  Armstrong  is  due  the  credit  of  first  successfully  employing  AmiBtrong 
the  principle  of  initial  tensions  for  all  the  parts  of  a  gun.f     He  em-  coMtruction. 
ployed  wrought  iron  coils  shrunk  one  over  another  in  such  a  manner  Wrought  iron 
that  the  inner  tube  is  placed  in  a  state  of  compression,  and  the  outer  ^®*^  shrunk 
portions  in  a  state  of  tension ;  the  amount  of  tension  being  so  regulated  J  other, 
that  each  coil  should  perform  its  maximum  amount  of  useful  efi*ect  in 
resisting  the  pressure  from  within. 

Further,  he  arranged  the  fibre  in  the  several  portions  so  as  to  be  in  Arrangement 
the  best  position  for  withstanding  the  pressures  by  making  it  run  round  of  the  fibre, 
the  gun  in  the  coils  for  withstanding  the  circumferential  tension,  and 
by  placing  a  forged  breech-piece  over  the  powder  chamber,  the  fibre 
in  which  ran  lengthways,  in  order  to  withstand  the  longitudinal  stress. 

In  our  Woolwich  guns,  which  are  an  improvement  on  the  original  Woolwich 
Armstrong  construction,  we  employ  both  the  principles  of  initial  ten-  guns,  initial 
sions  and  varying  elasticities,  using  a  very  strong  and  elastic  steel  tube,  tensions  and 
with  coils  of  wrought  iron  for  the  outer  portions,  which  are  shrunk  on  I^^c?' 
so  as  to  compress  the  steel  tube,  while  themselves  in  varying  states  employed. 
of  tension,  the  outer  coils  having  the  maximum  amount. 

In  our  Palliser  guns  the  wiought  iron  of  the  tube  is  permanently  com-  Palliser  guns, 
pressed  by  firing  proof  charges,  and  the  cast  iron  casing  placed  slightly  varying 
in  a  state  of  tension.  elasticities. 

In  fact  these  two  modes  of  making  each  concentric  layer  of  metal 
afford  the  maximum  useful  effect  are  employed  either  singly  or  simul- 
taneously in  all  gun  constiiiction  of  the  present  day. 

The  most  successful  constructions  then  so  far  employed,  and  those  on 
which  the  most  powerful  guns  have  as  yet  been  made,  are  such  as  have 
one  coil  or  tube  built  up  over  another,  in  some  similar  manner  to  that 
first  practically  introduced  by  Sir  W.  Armstrong,  and  in  such  a  way 


*  The  3-pr.  B.L.  gun  submitted  by  Sir  W.  Armstrong  in  1855,  had  a  steel  barrel, 
but  that  material  was  abandoned,  owing  to  the  difficulty  of  getting  it  of  suitable 
quality  at  that  time. 

t  llie  first  Eropp  guns  were  made  from  solid  blocks  of  steel. 

t  Not  that  it  was  attempted  rigidly  to  carry  out  the  tension  and  compression 
of  the  several  rings  in  accordance  with  actual  mathematical  calculations,  but  the 
layers  were  put  on  successively,  with  sufficient  shrinkage  to  ensure  a  certain  amount 
of  compression  of  the  inner  portibn. 
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CHAF.U. 


Sbriokage. 


that  each  flvter  coil  compresses  those  inside  it,  and  so  supports  them 
while  made  weaker  itself;  this  maj  be  done  hj  farcing  on  the  outer 
tab&i  by  hrdrmtdic  preseore.  as  in  the  Whit  worth  gons,*  or  bj  expanding 
them  bj  heat,|  dropping  them  over  the  inner  Ureis.  and  then  allowing 
them  to  cool^  when  thej  contract  upon  the  parts  inside.  Oar  own  gons 
are  built  in  this  wav,  as  aie  those  of  Armstrong,  Krupp,  YavasseuTy  and 
others. 

In  aD  these  cases  the  in>ide  diameter  of  the  outer  tube,  when  cold, 
must  \pe  rather  smaller  than  the  out^kle  diameter  of  the  inner  tube ; 
this  difference  in  the  diameter  is  called  the  *'  shrinkage.** 

In  the  figure  below  the  shrinkage  is  the  difference  between  AB  and 
CD,  AB  being  a  little  the  larger. 


CoflipreMioiu 


ExtensioD. 


While  the  outer  coil  is  cooling  and  contracting  it  compre«es  the  inner 
one,  and  makes  AB  rather  smaller  than  before  ;  the  amount  bj  which 
the  diameter  AB  is  decreased  is  termed  the  "  compression." 

Again,  the  outer  coil  itself  is  stretched  on  account  of  the  resistance  of 
the  inner  one,  and  its  diameter  CD  is  increasecl ;  this  increase  in  the 
diameter  of  an  outer  coil  is  called  '*  extension." 

The  shrinkage  is  equal  to  compression  pltis  the  extension,  and  the 
amount  must  be  regulated  by  the  known  extension  and  compression 
under  certain  stresses  and  given  circumstances. 

The  compression  varies  inversely  as  the  density  and  rigidity  of  the 
interior  mass,  the  first  layer  of  coils  will  therefore  undergo  more  com- 
pression than  the  second,  and  the  second  more  than  the  third,  and 
so  on.  Accordingly,  in  the  Armstrong  or  original  construction,  a 
greater  proportion  of  shrinkage  was  given  to  the  inner  layers  than  the 
outer,  because  so  much  of  it  was  absorbed  by  compression.  The 
shrinkage,  however,  never  exceeded  '002  of  the  diameter.  Much  too 
will  depend  on  the  thickness  and  strength  of  the  coil  to  be  shrunk  on  ; 
for  the  heavier  it  is,  the  tighter  will  be  its  grip,  and  the  more  will 
the  inner  parts  be  compressed  and  supported,  whereas  a  thin  weak  coil,  if 
shrunk  on  the  same  mass,  would  pi*obably  suffer  from  over  extension.  In 
the  guns  of  present  construction  the  heavy  breech  coil  compresses  the 
steel  barrel  to  such  an  extent  that  the  latter  becomes  in  some  instances 
reduced  in  diameter  by  even  as  much  as  y^ths  of  its  original  dimensions 


k 


*  It  is  understood  that  this  mode  has  been  abandoned  in  the  heaviest  Whitwoith 
guns,  and  that  shrinkage  is  had  recourse  to. 

f  SOU  F.  is  quite  sufficient ;  this  will  allow  a  working  margin  of  expansion  beyond 
the  amount  calculated,  so  that  the  iron  need  never  be  raised  to  the  high  temperature 
at  which  scales  form. 
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during  the  process  of  shrinking,*  whilst  one  or  two  cases  hare  occuiTed 
of  the  thin  exterior  coils  in  large  guns  of  the  original  constiiiction 
splitting  during  practice,  thus  indicating  that  they  were  strained  beyond 
their  strength  (see  next  page). 

The  position  of  the  coil  must  be  also  considered.  The  shrinkage 
over  the  seat  of  the  charge  is  greatest  of  all,  as  that  part  of  a  gun  must 
be  the  strongest  and  firmest,  whilst  the  shrinkage  over  the  muzzle  is 
the  least  for  an  opposite  reason. 

The  extension  of  a  coil  when  shrunk  on  must  in  no  case  exceed  that 
due  to  the  elastic  limit  of  the  material.  In  wrought  iron,  for  example, 
the  elastic  limit  of  bar  iron  is  about  12  tons  per  square  inch  and  causes 
an  extension  of  about  ^  oVo^^  ^^  *^  l6ngth,f  any  extension  beyond  this 
would  stretch  the  iron  permanently  and  weaken  the  fibre.  Hence  the 
extension  on  no  coil  should  exceed  -nnn^th  of  its  diameter. 

Add  to  all  the  foregoing  conditions  the  expediency  of  shrinking  on 
the  several  parts  so  that  each  shall  do  its  proportion  of  work  on  the 
discharge  of  the  piece  (according  to  a  law  not  exactly  known),  and  it 
will  be  seen  that  the  problem  is  a  very  difficult  one  to  solve  in  practice. 
Indeed  Sir  William  Armstrong,  who  introduced  the  system,  has  ad- 
mitted that  he  did  not  carry  out  his  plan  with  theoretical  precision,  but 
that  the  coils  were  simply  shrunk  together  sufficiently  to  secure  the 
stability  of  the  fabric  and  that  a  small  variation  was  immaterial.];  One 
primary  object  therefore  was  to  secure  cohesion  throughout  the  mass. 


CHAP.  n. 


CircamstanceB 
which  regulate 
amount  of 
shrinkage. 

Am  to  tension 
of  a  coil. 

Elastic  limit  of 
the  material. 


Shrinkage  not 
carried  out 
with  theoretical 
precision. 


*  Table  showing  Contraction  by  shrinking  and  Expansion  by  proof,  on  the  bore 

of  a  steel  tube  for  a  1 0-inch  R.M.L.  gun,  Mark  I. 


Diameter  of  bore. 


I    Before 
iShriukins 
on  Broech 
Coil. 


After 
Shrinking 
on  Breech 
Coil. 


Con- 
traction. 


Diameter 

of  bore 

After 

proof. 


Expan* 
sion. 


At    90  inches  from  muzzle 

„  101 

»» 

»» 

n   104 

»» 

„  107 

»« 

„  no 

»» 

„  113 

ff 

„  116 

»» 

,,(118 

end  of  rifling) 

„  119 

>» 

„  122 

»» 

„  125 

»> 

,,•128 

»t 

f,  131 

t* 

„  134 

)« 

f» 

„  137 

)) 

» 

inches. 

9*998 
998 
998 
998 
998 
'998 
998 


9' 

9" 

9' 

9 

9 

9 


I 


9 
9 
9 
9 
9 
9 
9 


997 
•999 
'999 
999 
998 
998 
995 


inches. 

inch. 

9-998 

— 

9*995 

•003 

0-994 

-004 

9-994 

-004 

9-991 

-007 

9-99 

•008 

9-988 

•010 

9-987 

•010 

9-99 

•009 

9-99 

•009 

9-991 

•008 

9*993 

•005 

9-994 

•004 

9-991 

•004 

inches. 
9-998 
995 
994 
994 
994 
992 
99 


inch. 


9 
9 
9 
9 
9 
9 


9-99 

9-991 

9*991 

9*991 

9*995 

9-996 

9-993 


•003 
•002 
•002 

•003 

•001 

•001 

^il. 

•002 

•002 

•002 


f  The  amount  of  extension  varies  not  only  on  the  quality  of  the  metal,  but  with 
the  size  and  shape  of  the  specimen  tested.  The  specimens  tested  in  the  Koyal  Gun 
Factories'  machine  are  two  inches  long  and  stretch  from  '003"  to  '004"  at  the  limit 
of  eUsticity,  but  from  the  experiments  quoted  by  Mr.  Kirkaldy  (Experiments  on 
Wrought  iron  and  Steel,  p.  66)  made  from  a  bar  of  iron  10  feet  long  and  1  inch 
square,  the  elongation  was  only  lon'ofloth  of  the  length,  for  every  ton,  per  square  inch 
of  section  up  to  the  elastic  limit,  after  which  it  rapidly  increases  up  to  the  breaking 


tenmon. 

X  Report  on  Ordnance,  1863i  p. 
Engineers,  1860. 
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CHAP.  11-  Bmidtrng  ^  of  Strrire  Ordnance  in  keeping  tri/A  theory. 

We  bare  ?o  far  coofiidered  generally  what  we  laid  down,  p.  21,  as 

the  firrt  point  to  )je  treated  of  in  gun  constroction,  vizU,  the  absolute 

easting,  oonstmction,  or  building  up  of  the  gtia,  looking  upon  the  Utter 

as  a  tube  destined  to  withstand  a  certain  strain  from  within. 

V'm§0»man  of        Let  us  see  how  we  cany  out  in  our  own  serrice  ordnance  the  correct 

principles  of  having  a  sufficiently  hard  &urface  for  the  bore,  and  of  so 
disposing  of  the  metal  or  metals  in  the  several  layers,  that  we  obtain 
as  much  work  as  possible  out  of  our  material,  and  haTC  at  the  same 
time  a  tube  more  than  strong  enough  to  withstand  the  greatest  strain 
which  it  can  be  called  upon  to  bear. 

Armstrong  or  Original  Construction, 

The  Armstrong  construction,  where  the  gun  was  built  op  of  a  nimiber 
<^o«r  R.B.L.  of  thin  coils,  and  in  which  solid  forged  breech-pieces  were  employed, 
*"i  ""*^  was  that  upon  which  all  our  RB.L.  guns  were  made,  and  also  the 

Esflr  hcarr       eirWe^x  of  the  heavy  R.M.L.  guns,  vizt.,  (>4-pr3.,  7-inch,  8-inch,  9-inch, 
R.lUu  cons.     ^^  12'inch  of  25  tons,  all  of  Mark  I. 

lotrodoetion  of      With  this  construction  steel  tubes  had  1>een  gradually  introdnced, 
fCed  tobes.         though  their  employment  was  but  partial ;  thusiu  1863  it  was  approved 

of  that  the  A  tubes  for  all  12-pr.  RB.L.  guns  should  be  in  future  made 
For  R.B.L.,  of  toughene<l  steel,  and  as  will  be  seen  by  the  table  at  p.  160,  a  certain 
*^*'*  number  of  our  service  R.B.L.  guns  have  in  consequence  steel  tubes. 

After  the  introduction  of  R.M.L.  pieces  it  remained  for  some  time  an 

open  question  which  material,  steel  or  coiled  iron,  should  be  used  for 

the  inner  barrel,  and  at  the  end  of  the  year  1867  it  was  proposed  by  the 

For  ILM.L.  of   O.S.C.  and  approved  of  that  for  the  9-inch  R.M.L.  guns  to  be  manu- 

origioal  con-      facture<l  iu  that  year,  one  half  of  the  barrels  should  be  of  steel  and  the 

•trnctioD  in        remainder  of  wrought   iron,   whether  the   guns   were  of  the   service 

(original)  construction  or  of  the  Fraser  construction,  which  was  then 
.experimental. 
Viif  ail  R.M,L.       Steel  when  toughened  in  oil  proved  itself,  however,  a  very  superior 
gniif  in  1S€S.     material  to  wrought  iron  for  the  inner  barrel  of  the  piece,  and  in  March 

1868  it  was  therefore  decided  that  the  inner  tubes  of  aJl  R.M.L.  built 

up  guns  subsequently  manufactured  should  be   made  of  that  metal,  so 

that  although  some  of  the  early  natures  of  R.M.L.  guns  had  wrought 

iron  tubes,  all  later  pattemE  have  barrels  of  steel.     We  shall  see  further 

on  tliat  the  only  change  since  that  date  has  been  in  decreasing  the 

thickness  of  the  st<*el  tube  as  compared  with  those  first  employed. 

DiMdTantageti        Although  this  original  const  ruction  gave  good  results,  it  was  expensive, 

of  original  both  from  the  quality  of  the  iron  required  and  from  the  number  of  pieces 

eoastructloo.      ^  \^  made,  moved  about,  and  put  together.   The  large  forging  for  the 

Trjo  many  breech-piece  was  also  very  costly.     Further,  the  thin  outer  hoops  were 

P**^**'  not  always  of  sufficient  mass  properly  to  compress  the  parts  Avithin  them, 

Cottly  •^I'd       and  although  a  series  of  thin  coils  help  us  to  distribute  the  circumferential 

fo^^  breech-    g^g^  between  the  concentric  layers  of  metal  of  a  gun  by  shrinking  on 

*^^'  each  coil  separately,  the  method  is  open  to  the  serious  objection  that  it  is 

litlnlitT  to        practically  difficult  to  calculate  the  respective  proportionate  amount  of 

split  of  outer      tension,  and  consequently  the  greater  the  number  of  pieces  in  a  gun,  the 

soili«  more  likely  that  some  weakness  will  exist  in  the  mass  owing  to  the 

tindae  strain  on  some  of  the  parts  ;  for  instance,  a  13-inch  gim  of  original 
constmction  (Experimental  No,  300),  split  some  of  its  outer  coils  while 
the  interior  ones  remained  uninjured,  thus  clearly  proving  that  there 
was  too  great  strain  on  the  former. 


b. 
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Fraser  Construction.  CHAP  II. 

Mr.  Praser,  the  Deputy  Assistant   Superintendent   of  the  R.G.F.,  

therefore  proposed  in  1865  his  important  modification  of  the  system.  ^™5^**^* 
This  consists  of  using  larger  coils  made  of  thicker  bars,  and  so  much  ^^  ^j.  Yn^^ 
stronger  longitudinally,  that  the  forged  breech-piece  becomes  unneces-  in  i865. 
sary.     The  greater  weight  and  strength  of  these  outer  coils  also  allows  xhick  coils, 
compression  to  be  given  more  certainly  to  the  steel  barrel  and  inner  ^^^  fonred 

^^"S*  breech-pieoe. 

In  this  construction,  moreover,  the  trunnion  ring  which  was  merely  Tronnion  ring 
shrunk  on  in  the  Armstrong  gims,  and  occasionally  slipped,  is  welded  to  welded  to 
the  breech  coil.  breech  coiL 

This  Fraser  construction  was  partly  adopted  in  Mark  II.  64-pra.,  Partially 
7-inch,  8-inch,  9-inch,  and  12-inch,  in  which  guns  the  forged  breech-  adopted  m 
piece  was  retained.     In  all  later  marks  of  these  guns  introduced  into  the  ™  *     . 
service  since  1869  no  forged  breech-piece  is  usid.  ]^°"y  " 

'ilie  following  short  account  of  the  trials  of  strength  of  the  "  cheap  " 
or  "  Fraser  "  construction  may  be  interesting.  Colonel,  now  Grcneral, 
Campbell,  who,  as  Superintendent  R.G.F.,  had  spent  much  time  and 
labour  in  inquiries  into  the  question,  reported  officially  in  1864  that  it 
was  quite  possible  to  reduce  the  expense  hitherto  incurred  in  the  con- 
stmction  of  wrought  iron  guns,  by  the  employment  of  steel  barrels, 
with  external  coils  reduced  in  numbers,  and  forged  from  iron  of  a  cheap 
quality,*  and  subsequently  he  submitted  tracings  of  two  9-inch  iron 
guns  on  this  plan,  one  with  a  steel  barrel  and  one  with  a  wrought 
iron  barrel ;  but  both  had  breech-pieces,  and  the  D  and  C  coils  were 
not  hooked  together.  The  tracings  were  approved  in  October  1864,  and 
he  was  directed  to  manufacture  the  guns  accordingly. 

They  were  tested  in  1865,  and  from  the  result  of  the  previous  trials.  First  trial  of 
the  Ordnance  Select  Committee  reported  f  that  the  guns  of  cheap  con-  9-inch  guns  on 
struction  were  not  inferior  in  strength  to  j;hose  on  the  more  expensive  ^**  ^^^^^^' 
mode  ;  but  recommended  further  trials  with  9-inch  guns  including  those 
on  a  newer  plan  without  forged  breech-pieces,  which  Mr.  Fraser,  from 
the  experience  recently  gained,  was  led  to  submit. 

In  the  meantime  the  naval  authorities  were  anxious  to  obtain  cheap  64-pr.  B  and 
64-pr8.  and  two  "  Fraser  "  guns  were  tested  to  destruction,  to  ascertain  p  g'ms  tested 
whether  either  pattern  would  answer.   One  (Expl,  No.  320)  was  known  as  *?  *^®  mean- 
the  B  pattern  (see  Mark  II.,  Plate  V.),  the  other  (Expl.  No.  317)  as  the  Z>  **™®' 
(see  Mark  III.,  Plate  V.).     These  experimental  guns  fired  each  2,000 
service  i-ounds  (charge  8  lbs.),  and  abnormal  charges  being  subsequently 
used,  the  B  gun  burst  into  38  pieces,  after  a  total  number  of  2,270 
rounds,  and  the  D  gun  after  2,211  rounds  blew  out  its  inner  barrel, 
leaving  the  breech  portion  on  its  carriage,  and  still  sound.]: 

The  great  strength  of  the  cheap  construction,  as  displayed  by  these  Adoption  of  the 
64-prs.,  combined  with  its  apparent  success  in  the  9-inch  guns  under  ^^^^  *» 
trial,    induced    the    Ordnance    Select    Committee    to    recommend    in  ™^,!^Qn 
December  1866  that  half  the  guns  for  1867-8  should  be  on  the  Fraser  \%^^,  ' 

method,  and  it  was  subsequently  approved  by  War  Office  and  Admiralty, 
that  all  the  guns  estimated  for  that  year  should  be  on  this  plan. 

During  the  years  1867-8  many  of  the  cheap  guns  had  been  proved 
and  issued  for  service,  the  majonty  being  on  the  pattern  of  Expl. 
No.  330— «.«.,  with  a  steel  tube,  and  reinforced  with  a  triple  breech 
coil  (Mark  m.,  Pkte  Xn.). 

*  ExtiaetB  from  **  Ph>ceediogB  of  Ordnance  Select  Committee/'  vol.  ii.,  p.  S80. 
f  Ibid.,  voL  iv.,  p.  192. 
X  Ibid.,  vol.  iv.,  p.  356. 
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Of  the  9-inch  guns  alone  about  100  had  passed  proof,  and  the 
soundness  of  the  sj-stKm  of  cxmstruclion  was  generally  reoogcised,  but  on 
ihe  25tb  of  Septeoiber  1868,  a  9-iuch  gun  of  that  pattern  burst  nt  the 
first  round  of  proof.  This  was  no  doubt  due  to  »  defective  tube  and  to 
the  ver)'  ''«»^y  P^'X^'"  charges  used,  53  J  \bi.  R.L.G.  powder,  which  caused 
nu  abnonuBl  pix^sure.* 

Further  trials  with  two  cheap  9-inch  guus  were  tlierefore  recom- 
mended and  npproTcd.  No.  332,  with  a  steel  tube  two  inches  thick,  and 
reinforced  with  two  doulile  i-oils,  survived  Iho  ordeal.  No.  368,  with  a 
steel  tube  three  iuelics  thick,  and  reiufurced  with  one  niaseivc  triple 
coil,  did  not,  it  is  true,  complete  the  (e»t,  but  it  t-efuH^l  toyield  although 
iu  tube  was  split  at  the  l.OOSth  round. 

The  result  was  deemed  mcMt  satisfactory,  not  only  because  the  steel 
tube  failed  gradually,  but  because  the  great  strength  of  the  outer 
fabric — the  point  at  issue — was  proved  bovond  all  doubt  by  the  gun 
actually  firing  41  rounds  after  the  tube  was  split  through,  and  yet 
remaining  sound  exteriorly.  (For  details  »ce  Ordnance  Select  Com* 
mittee*s  Proceedings,  1869.) 

In  fnet  both  guus  behaved  so  exceediugly  well  under  trial  that  the 
authorities  were  left  in  the  dilemma  of  not  knowing  which  |>attem 
to  choose.  They,  however,  decided  ou  constructing  7-inch  and  8>inch 
guns  OS  before,  on  the  No.  3ti3  type,  but  to  make  9-inch  gunn  and 
upwards  on  the  No.  332  lypc.t 

In  186!>  an  alterniioii  took  place  in  the  manufacture  for  9-inch  guns 

and  upwards,  a  thinner  steel  tube  being  used,  and  two  coils  on  the 

breech  (see  Marks  IV.  and  V..  Plate  XII. )  instead  of  one  triple  coil.    The 

•u  iw,  higher  natures  arc  made  in  the  same  way,  but  have  a  '■  belt "  in  addition.| 

We  thus,  step  by  step,  arrived  at  our  present   construction    of  o 

Woolwich  gun  where  we  not  only  make  cnch  portion  of  the  metal  do 

its  proper  amount  of  work  by  shrinking  one  coil  over  another,  but  also 

use  a  tube  of  stronger  material,  steel,  for  the  inner  barrel     We  employ 

this  latter  not  only  beinuee  we  gain  by  it  longitudinal  strength,   but 

Stml,  whT  (tied  more  especially   because    steel    gives  \b>    a   hard    smooth    surface,    is 

for  oar  gnu        uiuch  stronger  than  wrought  iron,  nud  irc«:  from   flaws.     Its    elastic 

*"     ''  ■■    ■      s  also  much  p-ealer  than  llmi  of  wrought  iron,  espi-cially  when 

11  (as  30  tons  to  12  tons),  so  that  it  cnn  stand  without 
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Oar  converted  Palliser  guns  are  in  theory  and  practice  comparatively     CHAP.  IL* 

weak,  for  the  cast  iron  exterior  is  too  weak,  and  the  material  (wrought  

iron)  used  for  the  inner  barrel,  though  strong  to  resist  rupture,  is  too  Converted 
soft  and  inelastic,  and  also  liable  to  flaws.     Still  as  an  economical  mode  ^ 
of  using  up  old  S.B.  guns,  and  for  ordnance  not  meant  to  fire  large  ^yjjy  ^rrought- 
charges,  it  answers  tolerably  well.     We  cannot  expect  such  pieces  to  be  iron  barrels 
powerful  guns,  but  they  will  at  any  rate  be  much  more  formidable  than  are  used  with 
the  S.B.  guns  from  which  they  are  made.*  these. 

2.  Breech' Loading  and  Muzzle- Loading, 

We  come  now  to  the  second  point  to  be  considered  by  the  gun 
constructor. 

The  gun  tube  having  been  constructed,  should  the  piece  be  a  muzzle 
loader  or  a  breech-loader,f  and  if  the  latter,  which  of  the  many  systems 
proposed  or  in  use  for  closing  the  breech  should  be  employed  ? 

The  question  of  B.L.  v.  M.L.  is  one  of  great  complexity,  but  it  Question  of 
hinges  broadly  upon  the  value  to  be  assigned  to  the  advantages  peculiar  ^•^*  ^-  ^•^* 
to  B.L.  guns,  as  against  the  simplicity  in  which  M.L.  guns  are  neces- 
sarily so  superior. 

Further,  the  qualities  required  in  the  several  cases  of  field  guns, 
siege  ordnance,  and  heavy  guns,  are  in  many  ways  so  dififerent  that 
each  case  should  be  taken  separately  if  we  wish  to  arrive  at  satisfactory 
conclusions. 

The  principal  advantages  usually  claimed  for  B.L.  guns  are —  Some  advan- 

1.  Reduced  size  of  embrasure.  ^«»  claimed 

2.  Less  exposure  of  men.  ^°^  ^•^' 

3.  Greater  rapidity  of  fire. 

4.  Increased  length  of  gun. 

5.  Greater  power  of  gun. 

6.  Superior  durability. 

7.  Facilities  for  examining  the  bore. 

As  to  (1)  it  applies  only  to  heavy  guns,  and  with  the  muzzle  pivoting  Reduced  ske 
system  now  in  use  for  M.L.  guns,  much  value  can  hardly  be  given.  ^^  embrasure. 
Thus  with  our  38-ton  guns  behind  iron  shields,  the  embrasures  are  not 
more  than  3'  2f*  by  ^'  9"  in  some  cases. 

In  siege  works  of  the  future  it  is  presumed  that  embrasures  will  not 
be,  as  a  rule,  employed. 

(2.)  With  field  guns  in  the  open,  M.L.  or  B.L.  would  be  on  a  par  as 
to  exposure  of  gunners,  but  when  cover,  such  as  hedges,  gun  pits,  &c., 
is  made  use  of,  B.L.  might  have  slight  advantages. 

In  the  case  of  siege  ordnance,  the  advantage  might  in  this  respect  be  Less  exposure 
still  more  apparent,  although  we  require  carefully  conducted  experiments  ^  gunners. 
to  make  the  matter  certain.  It  must  not  be  forgotten  that  while 
serving  M.L.  guns,  where  no  embrasure  exists,  the  men  are  more 
immediately  under  cover  of  the  parapet  than  when  B.L.  guns  are  used, 
and  that  both  with  B.L.  and  M.L.  siege  and  field  pieces  an  amount  of 
recoil  will  take  place,  which  must  give  ample  space  for  loading  M.L. 
guns. 

Regarding  heavy  guns  behind  embrasures,  the  B.L.  has  probably 
Bome  advantage,  but  mechanical  methods  of  loading  now  being  tried 
with  M.L.  appear  to  promise  so  well,  that  here  also  this  advantage 
counts  for  very  little. 


♦  Vide  Table  XII.,  Chapter  IV.,  p.  104. 

t  It  cannot  be  too  often  repeated  that,  save  indirectly,  the  construction  of  a  gun 
both  as  to  its  material  and  building  ap,  it  is  quite  separate  from  the  question  of 
BX.  or  M.L. 
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I'llAr.  II.  (3-)  An  to  facility  of  loading  nnd  rapidity  of  Are  frequent  ecpni- 

—  ments  with  field,  siege,  and  heavy  piecen  have  shown  that  if  anything 

fHcilii.T  of         ML.  giine  have  the  advantage  here  (vide  p.  83,  ns  to  compariaon  of 
^"lilfAr*  M.L.  and  Krupp  field  gunH). 

rai'Miiy  mu  .  ^^  ,(,  i,pBvy  guns,  wo  may  well  quote  here  from  Colonel  Reilly's 
valuable  report*  This  officer  hnd  the  advitnloge  of  seeing  Gennnn 
heavy  guns  tested  titi  to  tlieir  carriagoB,  &c,  in  the  presence  of  a 
Kelcct  coiiiniittec  of  Gcrinaii  officers,  the  gune  being  28,  26,  17,  and 
15  ciii.t  The  brpcch  nrraiigement!),  lie  eays,  tor  nil  the  pieces  consisted 
of  Krupp's  latest  improvements,}  and  goes  on  to  report : — 

''  The  result  of  this  day's  practice  was  to  my  mind  a  complete  anawer 

tn  the  tirst  argumrnt  in  favour  of  B.L.  guns,  vie.,  the  facility  of  loading 

and  tiring;  the  guns  were  worked  by  well  injitrueted  men,  who  are  con- 

tiniiouely  employed  in  the  establishment;  we  therefore  saw  the  breech 

looding  tried  under  the  most  favourable  circumslances.     The  operation 

of  loading  appeared   to  be  laborious,  complicated,  and,  if  not  carefully 

perfonued,  dangerous  to  the  gun,  nnd  I  should  conceive  consequently 

.  .        much  slower  than  that  of  loading  n  M.L.  gun;  whilst  notwithstanding 

tuTSld  hta^     *'"'  *^"'*  bestowed  upon  the  closing  of  the  lu-eech,  an  escape  of  gas  was 

Kntpp  B.!--       "*  ''""^  observable.     But  as  uiy  experience  is  limited  to  one  day's  fire, 

^M.  it  will  l>e  well  to  quote  the  opinion  of  an  officer  §  given  in  a  report 

otherwise  favourable  to  Mr.  Krupp."     He  sayfl  : 

"  Krupp's  cylindro-prismatical  wedge  with  Broadwell  ring,  the  best 
breech  apparatus  known  up  to  the  present  time,  requires  for  ita  manu- 
facture uncommon  mechanical  appliances,  nnd  great  technical  Hkill. 

"  Before  every  part  of  it  is  right  and  works  well  enough  for  service, 
n  great  deal  of  time  anil  trouble  is  required,  and  very  little  is  enough 
to  disable  it,  intentionally  or  involuntarily,  for  present  use.  The  wedge, 
the  ring,  the  gna  escape  plnleof  onebi-eech-piece  and  gun,  cannot  at  once 
be  used  with  another  gun,  so  that  only  under  certain  supposition,  would 
it  be  of  any  use  to  take  dnplicAtes  of  these  and  other  parts  of  the  breech 
apparatus  for  the  purpose  of  serving  several  guns  in  coiomou. 

*  Notes  of  a  TUit  to  Berlin,  I8TS,  b;  Col.  R«i]lv,  C,6.,  R.A.,  Assistant -Director  of 
Aitillerj-. 

t  Corresponding  pretty  nesrij- toour  II,  10,  7,  and  6'3  inchtcnnii. 

I  "  It  consistH  of  a  BiDgle  Kle«l  block  whieh  runs  in  «  stol  Ait  transversely  thronf^ 
the  breech  of  the  gun;  lo  fteilitalu  the  movemenw  of  iht  breech-pieee,  which  in  of 
conliderabie  weight,  a  roller  bar  ii  let  into  its  npjier  edge,  which  moven  on  rollers 
filled  in  the  upper  part  of  the  slot. 

"The  breech'piecaiiof  oblong  form,  with  rounded  back,  terminating  in  a  nq^ent 
of  a  circle,  which,  when  the  block  is  fully  drawn  nut  for  loading,  coincides  with 
D  similar  segment  of  the  circle  of  (be  bore  of  the  gun,  and  so  far  as  it  coincides 
fills  up  to  a  level  with  the  bore  the  spacu  cut  in  the  slot  in  which  the  breecli-piece 
TOos,  the  remaining  portion  of  the  bottom  of  iho  bore  in  thus  left  at  a  higher  level 
than  the  bottom  of  the  slot,  and  consequently  to  fill  up  this  inequality,  and  so 
fouililate  the  loadias  of  the  gun,  a  hollow  HtevI  cylinder,  called  (he  bridge,  of 
considerable  weight,  ii  introduced  into  the  breech,  through  which  the  sponge  is  pasted, 
and  lubaequently  the  ammunition  ;  the  bridge  is  then  withdrawn,  the  brcKh-piece  run 
in  and  clamped  b)r  an  ingenioul  arrangement  of  the  "interrupted  screw."  The  opera- 
tion of  putting  ID  the  cylinder  into  the  breech,  as  well  ai  withdrawing  it,  has  to  be 
carefully  performed,  and  bo  adds  to  the  time  necessary  for  loading  the  ^o.  Con- 
■Idan^le  force  is  reanlred  to  be  applied  at  the  end  at  the  lever  in  opening  as  well 
'-  clorinp  lhp  lirwch.    The  Broadwell  ring  is  let  into  the  end  of  the  bore,  which 

-'—■:»  tlic  riici'  of  the  breech-piece  ;  when  withdrawn  for  loading  only  a  part  of  the 

face  of  the  br<<ech  is  exposed;  ifilbe  much  (baled,  as  often  occurs,  the  chain 

which  checks  tlio  niuning  oat  of  the  breech-piece  has  to  be  removed  to  enable  the 

"*■-'-  ftoe  of  the  pi«M  to  be  rubbed  clean.    The  heavy  guns  have  been  hitherto 

'  '-  the  barrel  of  the  gun,  but  it  beltig  considered  that  the  gun  nas  weakened 

the  vent  is  oow  made  tbrongfa  the  breech  piece  itself,  precisely  as  in  the 

}DS  lyitem."    Vide  Notes  above  mentioned. 

-C^l.  of  WilhAal,  of  the  Imperial  Royal  Austrian  Marine  Ordnance  Corp*. 
far  Seew  earn,  Hamh  and  Hay,  ia«B. 
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"  Some  of  the  pai'ts,  especially  the  BroadwcU  ring,  are  subject  to  the     CHAP.  11. 

weakness  of  losing  imraediatelj,  by  rough  handling,  those  properties  

without  which  they  do  not  act. 

"  To  keep  the  breech-piece  in  order  in  such  a  way  that  it  may  at  all  DiflBculties  in 
times  be  used  without  any  delay,  renders  compulsory  many  precautions  in  |^^^     , 
the  daily  cleaning,  especially  as  regards  the  material  of  polishing  and  p°ece°<fuiTkly  * 
preserving,  and  demands,  at  least  on  the  part  of  the  captain  of  the  gun, 
the  knowledge  of  how  to  put  the  apparatus  together. 

**  On  board  ship,  more  than  anywhere  else,  on  account  of  the  damp, 
it  is  difficult  to  prevent  the  rusting  of  the  surfaces  which  are  to  be  kept 
bright,  and  uninterrupted  attention  must  be  paid  to  the  gun  from  this 
cause  alone,  but  where  there  is  a  great  deal  of  scouring  there  is  a  great 
deal  of  wear. 

"  In  the  event  of  the  Broadwell  ring  not  closing  the  bi*eech  particularly 
well,  both  the  ring  and  the  plate  must  be  wiped  clean  after  every  shot, 
which  is  not  easy  to  do  when  the  wedge  is  in  the  position  for  loading, 
and  can  therefore  only  be  done  imperfectly.  In  such  case,  it  will  be  more 
frequently  necessary-  to  bring  out  the  wedge  to  the  end  of  the  groove,  but 

this  will  involve  a  loss  of  time,  which  time  may  possibly  be  invaluable. 

•  »  «  «  i>  «  * 

**  Although  only  three  movements  ai'e  necessary  to  open  and  as  many 
to  close,  the  possibility  is  not  excluded  of  one  of  these  movements  being 
forgotten  in  the  heat  of  battle.*  If  this  oversight  occurred  in  closing — 
we  mean  an  omission  in  pushing  to  the  locking  bolt — the  breech  would 
not  be  closed,  on  discharge  the  gas  would  rush  violently  out,*  the  re- 
spective surfaces  would  be  so  fouled  that  they  would  require  a  thorough 
deaning  and  which  would  be  the  worst  part  of  the  matter,  this  ovei-sight 
might  possibly  lead  to  the  breech-piece  being  blown  out,  which  would 
be  equivalent  to  put  the  gun  hors  dc  comhai^^ 

It  appears  therefore  that  in  facility  of  loading,  and  consequent  rapidity 
of  fire,  the  advantage  is  with  the  muzzle-loading  system. 

The  above  extracts  refer,  it  must  be  remembered,  to  the  most  improved 
B.L.  apparatus  used. 

We  have  no  data  to  go  upon  as  to  rapidity  of  fire  with  heavy  B.L.  Rapidity  of 
guns,  but  abundant  information  is  at  hand  to  show  with  what  facility  "''^' 
our  own  R.M.L.  guns  can  be  loaded  and  fired.   To  give  a  few  instances  i 
In  1875  seven  detachments  of  Gamson  Artillery  competed  at  Shoebury-  ?^^**d T 
ness  with  10-inch  18-ton  guns.     Tliey  fired  35  rounds  with  the  results  ^,„b 
shown : — 


guns. 


Number  of 


Hits. 


Detachments. 


Rounds 
fired. 


Direct,   i  Ricochet. 


Total 

per 

round. 


Mean 
error 

in 
ranjre. 

Yards. 


Moan  time  per 
round. 


Rapid  fire  of 
our  R.M.L. 
10-inch  gun. 


Mins. 


Seren    - 


G 


0-37 


30 


V  17 


// 


firing. 
Mins. 

1'  45' 


The  targets  were  9  fl.  x  9  ft.  placed  at  ranges  of  1,200  and  1,600 
yards  alternately .f     The  day  was  unfavourable,  there  being  a  strong  and 

*  As  an  instance  of  an  oversight,  even  in  time  of  peace,  we  have  an  account  of  an 
accident  to  a  35-u>n  gun,  which  occurred  in  1S76  on  board  the  Rossian  man-of-war, 
'^Stxeletx."  Whfle  the  gun  was  heing  sponged,  the  Broadwell  ring  became  detached 
and  fell  on  the  canvas-covered  deck  without  being  perceived ;  at  the  next  round 
there  was  a  terrific  escape  of  gas,  and  it  is  understood  that  seven  m^n  were  killed. 

t  The  distances  were  actually  measared. 
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variable  wind  aerofia  the  range,  while  a  heavy  rain-storm  just  before  the 
praHice  rendere«l  everythiiij?  wet  and  slippery. 

It  will  however  \h^  S4*en  that  under  these  disunlvantages  one  shot  ont 
of  every  three  hit  a  small  tarj^et  at  tht*  distance  of  about  a  mile  and  J  of 
a  mile  rectpectively.  The  shootinor,  we  are  told,  was  very  fair  as  to  line, 
all  the  shot  being  close  to  the  targets. 

Again  in  July  1876,  experimental  practice  was  carried  out,  under 
service  conditions,  with  a  12*5  inch  38- ton  gun  mounted  in  a  casemate 
at  Shoeburyness,  100  rounds  were  fired  at  ranges  from  1,000  to  3,000 
yards  at  targets  9  feet  square,  with  charges  of  130  lbs.  of  powder  and 
800  lbs.  projectiles,  at  the  average  rate  of  one  round  in  less  than  two  and 
a  half  minutes,  the  precision  of  fire  being  excellent ;  no  two  consecutive 
rounds  were  fired  at  the  same  target. 


Xumberof 
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Averaire  Time  per  Bound 
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1 

1 

1 

Mins. 

Sees. 

100              ' 

27 

0-27 

1 

2 

H 

at  sea. 


Practice  with         It  must  be  remembered  that  the  men  wei*e  unused  to  the  gun,  and 
oar  hearygna^  that  we  have  not  yet  quite  perfected  the  mechanical  means  by  which 

the  loading  and  firing  of  our  heavy  guns  will  soon  be  very  much  fiM:ili* 

tated  both  on  land  and  ut  sea. 

At  sea  with  all  the  drawbacks  due  to  the  rolling  of  the  ship,  &c.,  we 

find  that  in  1874  prize  firing-  throughout  the  fleet  gave  the  following 

results  with  9"  guns  of  12  tons,  8"  of  9,  and  7"  of  6^  ton  :— 


IncreaMd 
length  of  gan. 


Onnparativc 
power  of  gun. 


IftareofGun.    [      ^^^l 

Number  of      '  Number  of  Hits 
Bounds  fired.     ;         j^^^^. 

AvengreTime 

per  Bound 

to  load  and  fire. 

Mins. 

9-inch 
S-inch 
7-inch 

83 

63 

123 

664 
504 
984 

0-3 

0-25 

0-25 

1'  18" 
1'  14" 
1'  8" 

During  the  R.A.  prize  firing  in  1876  at  Shoeburyness,  the  best 
detachment  fired  five  rounds  at  the  rate  of  1  •  2  mins.  a  round  and  struck 
a  target  9'  x  9'  at  a  distance  of  1,200  yards,  three  times  or  at  the  rate  of 
0  •  6  hits  per  round. 

(4.)  As  to  increased  length  of  gun  ;  with  field  pieces,  M.L.  guns  cau 
claim  this  advantage  rather  than  B.L.  in  which  a  certain  extra  length 
behind  the  charge  is  required  for  the  B.L.  apparatus.  In  the  matter  of 
siege  ordnance  meant  to  be  employed  under  cover,  B.L.  pieces  may 
claim  an  advantage,  except  in  the  case  of  the  short  rifled  mortar  or 
howitzer  now  everywhere  adopted  as  a  part  of  a  siege  train. 

With  heavy  guns  and  mechanical  loading,  the  advantage  here  seem 
equally  balanced. f 

(5).  As  to  power  and  accuracy  of  fire,  we  have  lately  been  told  (vide 
note  t>  !>•  83)  that  we  had  in  the  case  of  M.L.  field  guns  i-eached  a  limit 
of  power  beyond  which  we  could  not  go,  but  this  statement  was 
apparently  made  under  the  supposition  that  it  was  not  possible  with 
M.L.  guns  to  make  the  powder  chamber  of  diflferent  calibre  from  tlie 


*  A  rough  approximation,  a  direct  hit  scoring  14  to  1 7  points,  according  to  distance, 
&c.  iVom  target, 
t  With  Kropp's  12-inch  gon  the  B.L.  apparatiiB  weighs  about  a  ton. 


GUK  CONSTRUCTION  GENERALLT. 


37 


rest  of  the  bore,  a  supposition  which  experiment  and  pi*actice  have     CHAP.  II. 
shown  to  be  mistaken  (vide  p.  40).*  

It  has  been  farther  urged  that  with  B.L.  guns,  windage,  and  so  loss  No  windage 
of  power  could  be  quite  prevented  by  the  forcing  of  copper  rings,  lead  ^^^  ^'^' 
coating,  &c.  through  a  bore  smaller  than  the  powder  chamber,  by  which 
also  greater  accuracy  of  fire  could  be  ensured  from  the  better  centring 
of  the  projectile. 

The  use  of  expanding  wads  or  cups  attached  beforehand  or  upon 
discharge  to  the  base  of  the  projectile  has  proved  quite  feasible  with 
M.L.  guns,  and  is  now  largely  employed.  By  their  means  windage  can 
be  completely  stopped,  and  the  advantages  claimed  for  B.L.  be  par- 
ticipated in  by  M.L.  guns.f 

As  to  accuracy  of  fire,  it  seems  generally  supposed  that  B.L.  guns  are 
more  accurate  as  a  rule  than  M.L.  guns,  apparently  because  it  has 
so  often  been  so  asserted,  but  when  inquiry  is  made  as  to  what  data  the 
idea  rests  upon  we  find  them  somewhat  deficient. 

On  this  point  much  valuable  information  is  given  by  Major  Majendie  Accuracy  of 
in  his  paper,  English  Guns  and  Foreign  Cntics,  P.  /?.  A,  /.,  Vol.  VIL,  fire, 
p.  83,  &c.,  in  which  he  shows  that  such  an  assumption  is  quite  un- 
founded. We  have  not  many  recent  facts  to  go  upon  in  the  case  of 
heavy  B.L.  guns,  but  the  following  example  gives  us  good  reason  to 
suppose  that  in  accuracy  of  fire  our  M.L.  guns  arc  on  a  par,  if  not 
superior,  to  any  R.B.L.  yet  manufactured. 

In  1872  60  rounds  at  various  elevations  were  fired  at  Shoeburyness 
from  a  40-pr.  B.L.  and  a  40-pr.  M.L.  gun  for  comparison,  service  charges 
being  employed.  As  to  accuracy  there  was  very  little  difference.  In 
reduced  deflection  they  were  almost  equal,  in  some  cases  the  M.L.  and 
in  others  the  B.L.  being  more  accurate.  In  mean  difference  of  range 
the  B.L.  had  a  slight  advantage  at  most  ranges,  but  at  two  of  the 
elevations  used  the  M.L.  proved  the  better  of  the  two. 

The  fire  of  our  M.L.  field  guns  as  exemplified  during  the  Dai'tmoor 
experiments  of  1875  was  very  accurate. 

The  results  of  the  practice  at  various  ranges  as  summarized  by  the 
Committee  are  given  at  the  end  of  the  chapter,  and  show  that  up  to 
ranges  of  4,000  yards  it  would  be  difficult  for  troops  to  advance  under 
their  fire.    < 

The  following  practice  carried  on  at  Shoeburyness  in  1875  gives  us  Accuracy  of 
a  good  idea  of  the  accuracy  of  the  38-ton  gun  (service  projectiles,  J  &c.  our  heavy  guns, 
being  used,  and  the  distances  measured)  : — 


Number  of 
Rounds* 

Elevation. 

Range  in  Yards. 

All  the  shot  would  have 

struck  a  Target 
of  the  dimensions  given. 

10 
10 
10 

1°     21' 
a''     10' 
5"*       7' 

973 
2,023 
3,088 

Feet        Feet  in 
high.       breadth. 
5        X        0 
11x9 
21         X      11 

*  The  increased  size  of  the  powder  chamber  is  a  source  of  weakness  in  the  case  of 
BX.  guns,  an  ezcessiTe  pressure  being  given  to  the  most  yuluerable  part  of  the 
guD,bm  with  M.L.  this  is  not  the  case.  Not  long  aj^o,  indeed,  during  the  trial  of  a 
B.L.  steel  gun  manufactured  in  England  for  a  foreign  Government,  and  fitted  with 
BX.  apparatus  similar  to  that  of  Krupp,  failed  through  the  blowing  out  of  the 
gas  check  ring,  the  breech  block  being  forced  back,  having  previously  indented 
the  eompantiveljr  soft  tteel  of  the  rear  face  of  the  breech  slot. 

t  Any  system  of  BX.  such  as  Krupp's,  where  a  soft  coated  projectile  is  employed 
entuls  also  a  serious  loss  of  penetrative  power  with  heavy  guns. 

X  Shot,  800  lbs. ;  powder,  130  lbs. 
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Wo  hnvo  already  given  other  remarkable  iDstances  of  the  aceanej 
of  our  hetii'y  R.M.L.  pins  wheu  Gred  against  timci  as  in  priae  firing 
Looking  at  these  we  can  lianllr  credit  the  assertion  that  light  or  beKvj 
B.L.  gutiH  Hur[>n«!t  niueli  in  accuracy  unr  owd  M.L.  pieces. 

(6.)  Dui-ubility. — This  poinl  hordlr  affects  the  queBtioii  of  siege 
01'  ticld  guno,  for  our  dmnller  tield  gurnt  can  fir«  a  very  great  nnmber  <tf 
(;lmrges  with  scarcely  any  perceptible  damage.  With  heavy  gnnB, 
howovcr,  ihc  case  was  formerly  different,  the  eroMOD  of  the  bore,  dge  to 
windage,  and  to  the  rush  of  healed  gas  between  the  projectile  and 
Hurface  of  the  bore,  wan  au  undoubted  defi-cl. 

By  tliu  use  of  expanding  wiuls  or  gas  cliecks,  as  mentiooed  above, 
thi"  dofeirl  is  iihnosl  doiu-  ow»y  witli.*  Our  knowledge  as  to  the 
eiiduranco  of  very  lienvy  B.L,  guns  is  verj'  smaU,  and  it  is  not  im- 
probable Ihal  facts  may  show  it  to  be  fees  than  that  of  our  heavy  HX. 
jticces,  HOW  that  llii>  latter  can  be  fired  with  gas  checks. 

(7.)  As  lo  facilities  for  examining  the  bore — The  complete  exunina- 
tioti  of  a  M.L.  stool  lined  girn  is  so  simple  an  operation,  that  little  value 
L'an  bi-  attached  to  the  slight  advantage  B.L.  guns  hare  over  M.L.  ia 
this  respect. 

AdraHtagcs  f^' M.L,  guns. 

Wo  Nee  then  that  although  the  quc.-ition  of  M.L.  and  B.L.  geiterally, 
■  is  ono  on  which  tipinionK  nwy  fairly  differ,  the  advantsgea  claimed  on 
one  !>ido  or  the  other  are  »i«.iily  lialanced,  and  that  for  nome  uses  tbey 
incline  slightly  more  towards  B.L.  than  in  others.  There  is,  however, 
one  p«>int  where  M.L.  hns  u  most  evident  and  undeniable  advantage,  an 
udvaiitiige  of  more  esiievial  imiwrtani-e  in  the  ca^e  of  field  guns,  and 
that  is  in  i-iinplicily  of  gun  etjuipment  and  stores. 

It  was  priui'iiwlly  on  account  of  this  ad^-antage  that  ive  abandoned 
li.B.L.  gunii,  and  eh)  far  \,v  have  not  seen  such  marked  superiorly  in 
any  B.L.  system.  4>ithi'r  pro|>oi)ed  or  in  use,  as  would  lead  us  to  sacnfioe 
this  siniplieily,  even  when  the  Inlanee  si-emed  ior  some  reasons  to 
iueline  in  favour  of  B.L. 

However  exeellent  a  B.L.  system  uiay  be,  B.L.  onlnsnee  must  have 
Bevenil  partes  eni'h  hikI  all  of  which  are  liable  to  derangement,  and 
which  must  1h-    carefully   looked  to  ami  repaired.     This  i 
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3.  Length  of  Bore,  Calibre,  Chamber,  SfC. 

In  regard  to  calibre,  length  of  bore,  and  dimensions  of  chamber,  these     CHAP.  II. 

points  are  all  comparative,  and  as  their  values  vary  often  in  an  inverse         

ratio,  they  have  all  to  be  considered,  and  their  relative  advantages  care-  ^fjjjj*^®*  le^gth 
fully  balanced  in  each  particular  case,  as  to  the  best  mode  of  consuming  chraSr 
.the  powder  charge  before  and  after  the  vis  inertia  of  the  projectile  is 
overcome,  and  with  heavy  charges  as  to  the  development  of  abnormal 
pressures,  should  the  cartridge  be  too  long,  then  again  as  to  the  best 
weight  and  length  of  a  projectile.  In  regard  to  the  distance  at  which 
we  want  the  projectile  to  act,  a  large  calibre  will  generally  give  a  greater 
velocity  at  short  and  a  lower  velocity  at  long  ranges  than  a  small  calibre ; 
while  the  former  again  is  favourable  to  large  shell  charges.  Here  we  must 
also  be  guided  by  the  purpose  for  which  the  gun  is  intended,  whether 
field,  siege,  or  garrison,  and  by  other  extraneous  considerations,  such  as 
weight,  strength  of  carriage  to  withstand  the  recoil,  &c.  So  that  both  pow- 
der, projectile,  and  carriage  must  be  thought  of  as  well  as  the  gun  itself. 

Practically  most  constructors  have  arrived  flt  nearly  the  same  con- 
conclusion  with  regard  to  these  points;  and  we  find  that  our  own 
service  guns,  and  those  of  Krupp,  though  of  totally  different  materials 
an<l  construction,  have  about  the  same  calibre  and  length.* 

As  to  the  length  of  bore,  it  is  perhaps  best  considered  as  giving  space  Length  of  bore, 
for  so  many  expansions  of  the  powder  charge ;  the  rate  of  burning  of 
the  powder  of  course  affects  the  question  of  length  very  much,  as  with 
a  slow  burning  powder,  it  is  advisable  to  use  a  longer  bore  than  with 
quick  burning  powder,  the  tendency  in  these  days  is,  therefore,  to 
lengthen  the  gun,  and  our  later  pieces  have  greater  length  of  bore  than 
the  earlier  guns. 

The  diagrams  at  the  end  of  the  book  show  how  rapidly  the  additional  Useful  effects 
useful  effect  per  pound  of  powder  falls  off  for  each  additional  expansion  of  ^^  powder, 
cartridge,  i,e,,  for  each  increment  of  length  of  bore  after  a  certain  length 
is  reached. 

The  data  from  which  it  is  made  out  are  taken  from  a  valuable  work 
recently  "f  published,  and  it  refers  to  the  service  pow<iers  used  by  us. 

As  to  chambers  \  by  which  are  here  meant  powder  chambers  of  larger  Chambers, 
diameter  than  the  rest  of  the  bore,  B.L.  guns  have  always  been  fur- 
nished with  these,  and  one  of  the  advantages  before  mentioned  claimed  B.L.  chambers. 
for  BX.  was  the  possibility  of  having  such  a  chamber,  §  which  allowed  Advantages  and 
of  a  larger  charge  of  powder  being  usefully  consumed  ;  in  these  guns,  dy*advantoffes 
however,  the  chamber  was  also  a  source  of  weakness,  for  the  gastight  ^  l  ™^ 
joint  closing  the  breech  end  of  the  bore  has  always  been  difficult  to 
secure,  and  this  difficulty  naturally  increased  with  the  size  of  the  joint, 
and  so,  for  any  given  calibre  of  bore,  with  the  size  of  the  powder  chamber. 

The  tendency  at  present  is  to  use  very  large  charges  of  slow  burning 
powder,  in  order  to  obtain  power  without  straining  the  gun  too  much,  the  Recent 
length  of  the  charge  is  thus  necessarily  increased  ;  in  order  still  further  to  attempts  to 
reduce  the  pressure,  experiments  are  now  being  carried  out  in  which  the  >^uce  the 
charge  does  not  completely  fill  the  portion  of  the  bore,  but  is  only  so  P^***'*'®  ^^ 

^  The  latter  gnns,  of  more  recent  date  than  oar  own,  and  made  subsequent  to  the 
introdoction  of  slower  burning  powders,  are  somewhat  longer. 

f  Beseutshes  on  fired  Gunpowder,  by  Capt.  A.  Noble,  F.B.S.,  and  Professor  Abel, 
x>R«S.,  Ij.I9Jl .CS. 

X  Bnlarged  chambers  were  originally  adopted  as  a  necessity  for  R.B.L.  guns,  using 
lead  coated  projectiles. 

§  The  oonicid  or  cylindrical  chambers  of  less  sice  than  a  similar  length  of  bore 
which  are  used  with  S.B.  pieces,  and  in  some  of  our  K.M.L.  guns  were  for  quite  other 
parpoeea,  as  explained  at  pp.  isa-s* 
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^r«3!U  u  .  >  .ni*iv>i?*.  aniL  :v::ci  ^KiT.ee  toairpf^  aits  YitiiMSKv  j»  wieil  *«  die 
jrv*sMmr%>  ▼  in  ?utit»r  t^yr*.  "tmuL  n  sit*  ineiiuma«s*f*t  ^vi :  lib*  •;{itfBic«r  was 
)i#^  -QilarT&t  '«!  A  •aiOic^  ii  ^loc  L±  .nriif^ :  vi»t  a«rr*ix  dmrec  ^f  T^  lbs* 
j^^„  i  4.11  PA*  pr-^iiir*^  duia  KQir^.  aoaI  ^iiisjid^r  '^sm  v«iiicitT  ikan  in 
h«»  iiw*nA<nn^r=^(  rm .  ▼xh  m  mrr^at^i  laarse  jt  '<?  Lb«?w  oc  powder 
'Vi«v"-*  >n  4.  jptm  TiftTTmnni  orcsear*  wai»  xi'twil  3ub.  3l  die  nnrh«ii>nrn1 
i^in  r  til  'iu%  •>«r»^%  ^jiatsb.  wtnle  cxu*  T^kieirj  w»^   incwuc^  bj  To  L& 

tt.  r-w  wo  vuv»rT#«i  diac  3«}  parmilj  ^zuLtnuiameii  pisbbfe  w«ff«  bk>wn 
va  4a»  '4ci^  '*M^  -nth  uii»  i«»rriiri*  zmu  aiui  cbas  ;&  larse  aini  brilbKit  Hash 
miH  jT*'^  'K  *ti^  .niuzie.  iiiiwTii;;  ai)fiaRfLdT  cJiib  diroo^  tke  cm|iIoj- 
sn^nt  /v^  ^hii  <*.iMiiiiy^.  uiisi  iarss*^  diarze  oc  pcw^ier  w&i  nere  cfsmpletelj 
f^Arwiimi*^.  riksta  x  •nualLer  loarz^  in  uhe  TzucnAOibifDHi  s*u. 

9vetin^v  ezp^iue&t.*  Are  «  pr«!<eii£  S>l2^  carried  ««i  bj  tlieCcMn- 
MirM^,  ^»a  L:cpMrf<3»  «» to  t^  ciHyiib«rii&;  oc  keavy  sevbbw  aod  we  maj 
<«ATiilff1^ti(l7  WiMi  £Qrwmr>i  to  a  cocsaiieraUe  incne^sg  m   tke  power  <^ 

7a  'rrAtiniv;.  how^rer.  a«  to  thie  R.  G.  F.  expteiuagnts  o£  1S73.  With 
*'h^  >^.  ^1^  ^  faiilwifc,  cfaaaiber)!  '^f  Tarioas  capacitMtft  we  employed, 
4f\4  AMr#  ^Mihx^^i  i^tki^th:*  of  bii'Te  :  tbe  **•'■"■"*■»*  increafle  of  M.V. 
r>^  »;u9««nri^  tifk#T  u»|^  bj  h  calibr«<*  az;d  tsanflr  a  ckarge  ot  2^  Ibs^ 
wtvt^fc  vftM  CufiDd  to  be  tine  karsrest  charge  thai  could  be  achranta- 
f^A«wi/  mM  in  •ocb  a  catibre,  wai«  abont  IW  Lsw,  bot  when  a  chamber 
f4  '/,"  ^  ^naauHtt^  wat  employed  with  a  charge  of  3  lb&  8  ozs^  an  increase 
*A  2\h  L  4.  rftlfpfiij  wan  ^iiued  with  a  9  lb.  shot,  and  using  the  increased 
Vnr«^b  and  frbam^jer  together,  a  total  iocrea^^e  was  obserred  of  352  £& 
94^^t/>r;it7  /#7«r  tk#;  «jenrice  gun. 

W^  ar^  rv/w  #Arrjing  on  experiments  as  mentioned  al  p.  86  with 
*U^f$t^pt^*'A  M.L.  liebl  gun?,  which  promise  to  give  Terr  good  reenlts. 

7  be  iftff[0t:f  dimen«*ions  c^  the  chamber  in  relation  to  the  calibre  and 
Wf^i0h^  'SependA  very  much  upon  the  nature  of  powder  employed,  and 
we  have  u*A  nafficient  data  as  yet  to  lay  down  the  law  very  definitely 

4.  System  of  Rifling . 

We  now  nnntr  to  quiti;  another  considemtioii,  viz. : — What  system  of 
tifi'mv,  should  Ix;  fidopted  ? 

*V\%t;  tAtyrfi  of  any  such  system  is  to  give  the  necessary  amount  of 
fititUum  or  Mpiii  to  the  projectile  with  u  minimum  pressure  on  the  bore  of 


*  ft  will  be  obienred  that  in  the  case  of  MX.  gaiis  such  chambering  ia  not  the 
iMirM  irf  wtmkntm  k  is  with  B.L.  gans. 

t  Hnmzt  ebambefH  of  various  capacities  being  introdaeed  Ibr  the  breech  cad,  lad 
iMWrad  in  po«itioii  by  means  of  a  strong  screw  in  rear. 
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the  piece  upon  the  grooves,  and  on  the  studs,  ribs,  soft  coating  or  other-     CHAP.  n. 

wise  of  the  projectile  itself ;  the  required  result  should  also  be  obtained  

by  the  most  simple  means,  and  with  the  legist  possible  loss  of  power. 

The  angular  velocity  *  imparted  must  be  sufficient  to  keep  the  pro-  Necessary 
jectile  point  first  and  steady,  until  it  arrives  at  the  maximum  range  ^p\*^^ 
required;  as  yet  we   have   none   but  experimental   data   at  hand -for  ^'^*^*^y* 
determining  what  the  amount  of  this  angular  velocity  should  be.     It 
depends  much  upon  the  form,  weight  and  disti'ibution  of  the  mass  of 
the  projectile  itself.f 

The  necessary  velocity  of  rotation  is  given  by  means  of  the  twist  of  How  given, 
the  rifling,  combined  with  the  velocity  of  translation  at  the  muzzle ;  this 
will  be  evident  when  we  consider  what  is  meant  by  the  twist  of  rifling. 
By  twist  is  meant  the  amount  of  inclination  of  the  groove,  the  angular  Twist  of  rifling, 
inclination  shown  when  we  develop  the  grooves  on  a  plane,  as  shown  in 
fig.  below. 


Thus,  if  AB  represents  the  distance  a  shot  would  have  to  travel  along 
the  bore,  or  in  continuation  of  the  same,  with  a  given  twist  or  inclina- 
tion of  groove,  while  it  made  one  complete  revolution  round  its  own  axis, 
and  BC  at  right  angles  to  it  represent  the  space  passed  through  by  any 
point  of  the  surface  of  the  projectile  during  the  time  of  its  making  this 
complete  revolution,  then  AC  will  represent  the  length  of  spiral  due  to  such 
twist,  and  would  show  the  length  of  a  groove  in  the  case  of  a  gun  long 
enough  to  allow  of  the  projectile  making  a  complete  turn  in  the  bore. 

BC  equab  in  length  the  circumference  of  the  projectile  =  2  ir  r  = 
w  di(  dhe  the  caUbre  or  diameter  of  projectile,  while  AB  =  n  rf  if  w  be 
the  number  of  calibres  in  which  a  complete  turn  is  made.  Angle  of 

The  angle  CAB  =  $,  is  usually  termed  the  angle  of  rifling.  rifling* 

■KT        A.      A       ^B     vd     nc 
rs  o\v,  tan  fi  =     .  =  ~  =  - 

AB     nd     n 
For  example,  take  the  7-inch  gun,  whose  spiral  is  one  turn  in  36 
calibres,  then 

tan  B  =35=  '0897  ;       /.  d  =  5^  8'  nearly. 

Did  we  require  the  actual  amount  of  twist  x  in  the  bore,  it  is  easily 
obtained  from  the  proportion 

AB  :  BC  : :  /  :  x,X 

*  The  ** angular  velocity"  must  not  be  confused  with  the  ** linear  velocity  o^ 
rotation  "  which  is  the  lineal  velocity  of  any  point  in  a  rotating  mass,  but  usually 
applied  to  a  point  on  the  surface,  while  the  former  is  the  rate  at  which  every  particle 
of  the  rigid  rotating  body  moves  through  a  given  angle. 

t  The  question  of  the  best  form  of  projectiles  is  dincussed  in  the  "  Treatise  on 
"  Anunuuition,"  1874,  by  Major  Barlow,  R.  A.  (Captain  Instructor,  Royal  Laboratory), 
pp.  138-148,  where  it  will  be  seen  that  the  length  of  service  projectiles  (except  double 
shell)  varies  from  about  2\  to  rt  calibres,  including  the  ogival  head.  With  this  form 
of  projectile  it  has  been  ascertained  by  experiments  that  a  twist  of  about  one  turn  in 
35  calibres  (^)  gives  the  best  results,  and  that  any  material  deviation  from  this 
amount  in  \fase  guns  tends  to  render  the  projectile  more  or  less  unsteady  in  its  flight. 

BC 

J  This  is  not  the  case  with  the  increasing  twist,  where  at  the  muzzle  AB: : :  /:  j, 

so  that  the  grooves  show  only  half  the  amount  of  twist  shown  in  the  oniform  rifling, 
which  gives  the  same  amount  of  angular  velocity  at  the  muzzle. 
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Uiiitorm  or 
inere«hiiifr 


/  beiDC  the  Uia^h  of  the  rifleil  }art  of  the  gan ;  and  we  can  form  a 
good  idea  of  the  «r«rwr  of  the  groove  along  the  hore,bj  soppoeing  the  posi- 
tion M'hich  tb^  liDf  AC  woald  aftMime  were  the  above  figure  wrapped 
round  a  fnlinder  equal  to  A B  in  len;rtk  and  BC  in  circa mference. 

Tb*'  twi«4  ifiav  }^  eitlicT  uniform  or  increasing  :  in  the  former  case  the 
JncUuHXifm  */i  \\\h  grorj^e  i^  always  the  same  as  shown  bj  the  plain  line 
in  fj^.p.  41  ;  in  tb^  latt^-r  the  inrliiuition  increases,  and  a  groove  of  such 
rifling  would  wlien  ]ai«l  out  be  nome  >ncb  curred  line  as  shown  bj  the 
limf  AB  iij  fi;:,  a^^ivc 

TLc  f'^ruj  ofliji*"  cune  may  c'or^e^JK^nd  to  the  locus  of  anj  suitaUe 
e<juatjoij :  we  i»MTH\\ir>  only  a-<'  a  parabolic  curve  where  the  equation 
h  r^  =  py^  ikiid  in  which  the  increment£>  of  indiuaticm  are  uniform — 
Vide  fig.  Wow. 


Whether  the  twist  bc^  uniform  or  increasing  the  angular  velocity  of 
the  projectile  on  leaving  the  muzzle  will  depend  upon  the  angle  of 
rifling  at  that  ix>int,  and  upon  the  MV  of  translation. 

Let  2  =  the  angle  which  the  rifling  makes  at  the  muzzle  with  the 
axis  of  the  piece. 

V  =  angular  velocity  of  shot  at  muzzle. 
d  =  calibre  of  shot. 

V  =  muzzle  velocity. 

Then  .^  w  in  the  linear  velocity  of  rotation  of  a  point  on  the  surfiice 

of  the  projectile. 

linear  velocity  of  rotation        d  \ 


And  at  the  muzzle : 


=  tan  a. 


Angolar 
Velocity  cx- 
prcMKcd  in  terms 
of  V  and  length 
of  twist. 


velocity  of  translation  2  V 

Supi>0jse  the  rifling  at  the  muzzle  to  be  making  one  turn  in  n  calibres. 

Then,  Tan  a  =  *   .  =  -  (See  p.  41) 
d  v 


II 


('0 


••  2  V  ~  /J  ^^    "2  n" 

^^-»  -' = (^:^  ^ = (w)  ^ 


*  Here  2  ir  denotes  the  ratio  of  the  circumference  to  the  radius  of  a  circle,  so  that 

if  rf  is  the  diameter  of  a  projectile,  then  ir  rf  is  the  circumference. 

d  IT  V 

Now  at  the  muzzle-    «  =  —     is  the  linear  velocity  of  rotation: 

Therefore  the  number  of  ^ums  per  second  made  by  the  shot  as  it  leaves  th^ 

^'  irV 

_  linear  velocity  of  rotation —  __  V^ 

circum&rence  of  shot  — ,       n  d 

w  a 

Thug  with  the  lO-inch  It.M.L.,  where 

M  V  =  1364  f.H. 

n  =  40 

d  »  1^  feet. 
12 

Tlie  rfiot  on  leaviog  the  muxxle  is  making — ^  ^  ^^  -  40}  ittms  per  aecotid. 
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This  value  of  the  angalar  velocity  (w')  being  true  whether  the  twist  is     CHAP.  U. 
UDiform  or  increasing  according  to  any  law  whatever.  

We  see  then,  that  the  angular  velocity  given  depends  upon  n  d  or  the 
length  of  twisty  and  upon  V  the  muzzle  velocity  of  translation,  and  that  by 
altering  either  of  these  variables  we  can  cliange  the  rate  of  rotation  of 
the  projectile. 

For  this  reason  with  similar  projectiles  when  the  muzzle  velocity  is 
low,  a  much  sharper  twist  must  be  given,  e-g. — In  our  8-inch  M.L.  guns 
where  the  muzzle  velocity  is  1,400  f.s.,  the  twist  found  sufficient  is 
1  in.  40  calibres  at  the  muzzle ;  while  with  the  8-inch  Howitzer  having  a 
low  muzzle  velocity  of  say  .550  f.s.,  a  twist  of  1  in  16  calibres  is  required. 

Not  only  must  the  system  of  rifling  adopted  give  sufficient  velocity  of  CcntriDf?  of  the 
rotation,  to  ensure  stability  of  flight,  but  the  projectile  should  also  be  as  projectile, 
far  as  possible  centred  as  it  leaves  the  gun,  t.e.,  it  should  be  rotating 
round  its  longest  axis,  and  that  axis  should  be  coincident  with  the  line 
of  flight;  as  we  shall  see  fiirther  on,  various  modes  of  obtaining  such 
centring  have  been  tried,  certain  form  of  groove,  &c.  being  employed. 

'ITie  two  sides  of  a  groove  are  termed  the  loading  and  driving  side,  Loading  and 
meaning  respectively  the  sides  against  which  the  projecting  parts  of  driving  side 
the  projectile  bear  in  passing  up  or  in  coming  out  along  the  bore.     In  of  groove, 
order  to  centre  a  shot  better,  the  latter  is  sometimes  inclined  at  a 
smaller  angle  than  the  loading  side,  so  ns  to  allow  the  studs,  &c.  to  run 
up  it,  and  the  shot  so  to  be  centred. 

Impoitant  points  to  be  considered  with  regard  to  a  system  of  rifling  Pressure  upon 
are  the  pressures  due  to  rifling  upon  the  studs  or  other  projecting  parts,  *^®  '^^^^  ^^^ 
by  means  of  which  the  projectile  is  rotated  in  the  bore,  upon  the  grooves  SToovcb, 
in  the  gun  itself,  and  upon  the  walls  of  the  bore. 

We  can  determine  the  amount  of  these  pressures  exactly  by  a  little- 
calculation  if  we  know  the  pressure  developed  upon  discharge  in  the 
gun,  as  the  former  always  bears  a  definite  relation  to  the  latter.  With  How  ascer- 
a  uniform  twist,  the  total  pressure  on  the  studs  or  ribs,  and  so  on  the  tained. 
grooves  of  the  gun,  is  a  constant  fraction  of  the  pressure  on  the  base  of 
the  shot,  the  value  of  the  fraction  depending  on  the  angle  of  the 
rifling.* 

*  For  taking  equation  (a),  p.  42,  and  differentiating  both  sides  we  have — 

(b)  ---     =_^  .         where  /  is  the  distance  travelled  in  time  ^  also  if  nr  be  the 
^  ^     dt^        nd    dt- 

angular  velocity. 

(c)  -^-  ^J^^-  =^    ^'^  =  2'.^  ^because  /'  -  Mf^  M^^^  •    ^  -^^  ) 
^""^    dt         di^       nd  '  df      nd  M  \  ^«y      -^  ^^,  ..  ^j    ^^2  ; 

Also,  looking  at  the  projectile  as  a  cylinder  of  mass  M  and  radius  -    where  p  is 

the  pressure  producing  rotation,  and  P  the  pressure  on  the  base  of  the  shot  producing 
translation,  which  is  less  than  the  absolute  pressure  by  about  I^  per  cent,  [taking 
friction  at  1  per  cent.,  and  the  part  of  ;i  absorbed  in  dii'ection  of  bore  as  proportionate 
to  tan-angle  of  rifling  or  -^  ofp  =  J  per  cent,  of  P;  total  1^  per  cent.],  and  K  being 
the  radius  of  gyration,  we  have— 

(2)  _       ( il/-- ^  =s  p  -  in  this  case. 

(3)  i'^J.^.^P 
^  ^     dt       Md 

And  from  equation  (3)  and  (c)  above— 

W  4L^-.'  S-orp  —1.  P^C^  P. 
^  ^  Md    nd  M      ^       2n 

Where  p  is  a  constant  fractio'h  of  P,  the  pressure  on  the  base  of  the  projectile  pro- 
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The  table  A.,  column  ^  Value  of  R,'*  below  shows  the  total  pressure 
fOi  tU'T  Hwh  iu  a  10-incli  gun  at  iliffereut  points  along  the  Uu^  a 
diarge  of  85  lb<.  of  P.-powdcr  and  400  lbs.  shot  being  used,  the  gun 
rifitrti  like  our  Woolwich  guns,  but  haying  a  uniform  twist  of  1  in  40. 

It  14  evident  that  with  the  uniform  rifling  there  is  a  great  pressure 
at  ftr<!t  upon  the  grooves*  or  studs,  which  rapidly  decreases  towards  the 
mnzzUr ;  thi.<}  is  owing  to  the  fact  that  the  angle  of  rifling  is  the  same 
throfjgkoat,  while  the  acceleration,  as  shown  bj  the  increments  of  velocitj 
in  rn'jch  the  greatest  to  l)egin  with,  and  falls  away  very  quickly  ss 
tbft  -hot  move*  through  the  bore. 

Table  A. 

Taklk  Mhowinp:  tlie  Phessure  on  the  Studs  in  a  10-in.  British  Service 
Oufi  rifle^l  with  a  uniform  twist,  caloukitiHl  by  Capt.  A.  Noble  (late 
li-A.i,  1'^I^.S.,  from  the  forniiihi  (6)  iriveii  in  note  below. 


lns*\*4^A. 

1 

Ttjtal  |iniMuit>  G  ou    i 
tAse  of  »hot.           . 

Value  of  C. 

Value  of  if,  or  total 
preMure  on  studs. 

*<-*f 

tons. 

torn. 

t.'t^tft 

0 

442 

0 

h-7i>,7. 

1,547 

»• 

68-5 

h  '*\% 

1,077 

«» 

47-7 

.    >;i 

781 

•» 

34-6 

'i  zr-. 

621 

••                 ( 

27-5 

>*  *Al 

510 

>» 

22*6 

4   V// 

424 

*% 

lS-7 

•,•■^^'9 

356 

1 
«• 

15-8 

'.'2j;> 

aoa 

•» 

lS-5 

7'f*,7 

268 

»i 

IIR 

>,'0*/% 

240 

•• 

10*6 

>  UM 

220 

•» 

9-7 

With  aij   iti< 

205 

>» 

91 

Vrefinure  with 

rn-ai-ing  twiht,  however, 

the  case  is  different,  for  here 

an  iiicreaf»iDg 
twi»t. 

(Infffriff  trarjuUfion,  ^^%*'  vuliKr  of  which  depends  on  n,  or  what  is  the  suae  thii^  iqwn 
thf  fxii^y.  of  rifiiufi, 

Hu\t\»tmnff  n       Mi,  that  is,  that  the  twi^t  of  rifling  is  one  turn  in  40  calibres. 

'V\%t'U  (Tf)  p  /^  /',  or  xhv.  iirc'H*«ure  on  the  Btuds  is  4  per  cent  of  that  on  the  base 
of  lli<r  proj«'«iil<'. 

When  P  r<'pr<'M^ts  (hi*  pnrr^Hun;  ou  the  base  of  the  projectile,  the  absoliite  vahie  of 
C*  IH  nr\tr^*KuU'A  by  (^upt.  A,  N'oblc,  F.U.S.,  by  the  expression. 

Tliih  fioitijula  kUi/poMti  thiit  thir  normal  to  the  driving  surface  of  the  groove  (i>.,tfae 
line  of  a<:tioii  of  (^ )  U  p<'r|H.*n<licular  to  the  radius,  which  is  very  nearly  the  case  arith 
the  Woolwich  iffv/v*;, 

A = pitch  of  riflifiK- 

A  — tangent  ofaui^hr  which  ^oi)Vetnakes  into  plane  j:^. 

p  =  rw\\\ih  of  curvrtiur«, 

r  =  rudiuM  of  Ix/n*. 

Py  ==  coefficii'iit  of  fri<'tiolj. 

Working  «hi«  out  ill  the;  frtiHc  of  a  10-inch  f^in  rifled  with  nnifonn  twist,  we  have 
C^=.0'0446  iiiKU'ud  of  0*04  hk  woiihl  a|i|K>ar  from — 

(7;  //     0-0446  \H-T  vi'Ui. 

♦  This  is  borne  out  prafiitMilly  by  the  greater  wear  which  is  found  to  ocour  ia 
^uns  rifled  with  the  uniform  twist,  in  tliut  i>art  of  the  groove  near  the  bottom  of  the 
bore.  The  Kussiai)*<  in  their  experimentul  field  ^tiii  (vide  Table,  p.  103)  aiv  using 
an  inci*easing  twist,  as  do  the  French  also  in  tlicir  heavy  guns,  and  for  th«  TCau<ii» 
given  in  the  text. 
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the  angle  of  rifling,  which  is  nothing,  or  very  small  when  the  shot     CHAP.  TI. 

starts,   increases   rapidly,   so  that   if  using  the  former  nomenclature  

/>=  CP,  the  value  ol*  C  increases  rapidly,  while  that  of  P  decreases,  and 

we  have  a  much  lower  maximum  pressure  on  the  studs,    but  at  the 

same  time  a  more  uniform  pressure,  so  that,  for  example,  in  the  case  of 

two  10-ineh  guns  with  a  twist  of  1  in  40  at  the  muzzle,  the  one  rifled 

with  a  unifomi,  and  the  other  with  increasing  twist.     We  see  that  Advantages  of 

while  the  maximum  pressure  in  the  one  case  is  68  tons,  coming  down  ^^?  increasing 

to  9  tons  at  the  muzzle,  in  the  other  where  the  increasing  twist  is  used,  ^^*^^* 

the  maximum  pressure  is  reduced  to  one  half,  being  only  36  tons,  while 

the  pressure  is  very  uniform  throughout. 

The  substitution  of  increasing  for  uniform  rifling  in  the  Woolwich 
guns,  as  proved  by  Captain  A.  Noble,  decreases  the  pressure  on  the  studs 
by  about  one«half,  a  matter  of  much  importance. 

Table  B. 

Table  showing  the  Pressure  on  the  Studs  in  a  10-inch  Service  Gun 
rifled  with  a  parabolic  twist  commencing  at  one  turn  in  100 
calibres,  and  terminating  at  one  turn  in  40  calibres,  as  calculated 
by  Captain  A.  Noble  (late  R.A.),  F.R.S. 


Talue  of  «,  the 

distance 
from  the  origin. 

Corresponding 

travel  of  the  shot 

in  the  bore. 

1 

Corresponding 
velocity  of  shot. 

feet. 

Total  pressiire 
on  base  of  shot. 

tons. 

Value  of  £,  or 

total  pressure  on 

studs. 

foet. 

feet. 

tons. 

6-555 

0-000 

0 

0 

0 

6*888 

0-333 

411 

1,547 

31-2 

7-500 

0-945 

675 

1,077 

28-7 

8-389 

1-834 

878 

781 

29-0 

9-278 

2-723 

992 

621 

30-2 

10-167 

3-612 

1,078 

510 

31-4 

11055 

4-500 

1,146 

424 

32-3 

11-944 

5-389 

1,200 

356 

330 

12'883 

6-278 

1,245 

305 

33-8 

13-732 

7   167 

1,282 

268 

34-5 

14-610 

8-055 

1,311 

240 

35-2 

15-499 

8-944 

1,333 

220 

25-8 

16-388 

9-833 

1,349 

205 

36-3 

From  an  examination  of  the  values  of  R  given  in  this  table,  it  will  Increased 
be  seen  that  the  total  pressure  ou  the  driving  surface  reaches  about  pressure  on  the 
31  tons  shortly  after  the  commencement  of  motion,  and  the  projectile  J*®^  ^^rt^*'*^ 
quits  the  bore  with  a  pressure  of  about  36  tons.  tionvery  small. 

In  order  to  give  rotation  to  a  projectile,  the  pressure  on  the  bore  of 
the  gun  must  be  increased,  for  not  only  has  the  inertia  of  the  shot  to  be 
overcome  as  to  translation,  but  also  as  to  rotation. 

With  guns  rifled  like  our  own  this  increment  of  pressm-e,  however,  as 
proved  by  Captain  Noble,  late  R.A.,*  is  an  exceedingly  small  one, 
though  small  as  it  is,  he  says  that  "  it  is  still  less  in  the  parabolic  than 
in  the  uniform  system  of  rifling."! 


♦  Vide  paper  by  Capt.  A.  Noblo  (late  R.A.),  F.R.S.,  rbiioBophical  Magazine, 
March  1873. 

f  In  France  this  parabolic  curve  has  been  adopted  for  all  heavy  guns,  ou  account 
of  the  smaller  maximum  pressure  on  the  studs. 
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His  concluitionA  nro  borne  out  bv  the  experiments  of  the  Explosive 
Committee,  who  iounii  no  sensible  differences  of  pressure  in  the  10-incb 
gun  fired  in  tlio  riHed  and  in  the  uurifled  state. 


The  jrrooves. 


Shallow 
groovw  pre- 
ferreil  to 
deep  ones. 

Stud  xvstein, 
>vby  introduce<l 
in  1869. 


Tlie  grooves  of 
our  B.L.  guns. 


Form  of  Grooves, 

Regard ing  ^^^^  actual  grooves  in  a  rifled  gun,  their  size,  shape,  and 
nunil>er,  must  doptMid  \\\)o\\  the  system  of  rifling  employed,  the  simpler 
the  form  and  the  less  sharp  the  angles,  the  less  will  the  groove  as  a  rule 
sufl'er,  and  the  less  liable  is  the  Imrrel  to  be  split  along  the  angle  of  the 
grooves.  The  strength  of  the  gun  tube  is  less  affected  by  a  number  of 
shallow  giH>oves  than  by  a  few  deep  gi^ooves,  and  the  tendency  now  is 
to  employ  the  former,  which  is  evidently  the  best  adapted  for  use  with 
proje(*tiles  having  a  soft  inmting  or  exterior  rings,  or  an  expanding  base 
cup  oi-  wad  to  be  cut  into  by  the  huids  and  forced  through  the  bore. 

In  18(S3,  however,  when  our  M.L.  guns  were  introduced,  the  stud 
system  «»eme<l  the  Iwst  suited  to  our  requirements,  and  we  consequently 
ivtain  the  small  number  of  gr(H>vt»s  necessary,  employed  with  that  system 
which  we  adopted  after  exhaustive  trials  of  vtirious  systems  of  rifling 
brought  forward*  by  inventors  as  well  as  by  the  oflicial  departments. 

With  our  service  U.L.  guns,  in  which  lead-coated  projectiles  ai^ 
forced  through  the  bore,  we  havt»  a  parent  number  of  grooves  and  narrow 
lands,  so  that  the  lead  coating  is  easily  cut  through.  On  account  of  the 
number  of  grooves  these  guns  aiv  said  to  have  polygroove  rifling,  the 
form  of  the  groove  is  very  simple  as  shown  below— 


Skctiox  op  Rifuno  (Full  siie). 

The  grooves  of       With  the  service  M.L.  guns  now  being  maile  we  employ  five  different 
our  M.L.  guns,  forms  of  grooves  in  conjunction  with  the  system  of  rifling  where  studs 

are  employed. 

This  system  was  adopted,  as  already  explained,  on  account  of  its 

simplicity  and  of  its  admitting  of  the  use  of  the  increasing  twist.     We 

are  now  testing  for  use  with  this  system  a  pair  groove  rifling  (vide  p.  49), 

and  are  further  trying  a  totally  diftereiit  system,  where  a  polygroove 

rifling  is  used  in  conjunction  with  a  Blakeley  expanding  base  on  the 

projectile. 

The  several   forms  of  grooves   in   our   service   M.L.  guns  are  as 

follows  : — 
Shunt  groove.         (1.)  The  ^'shunt'^  which  is  used  with  all  64-pr.  built  up  guns,  except 

such  as  have  steel  tubes  (siego  guns),  or  such  guns  of  Mark  L  and  II. 

which  have  l)een  re-tubed  with  wrought  iron,  where  the  form  of  groove 

would  be  like  that  of  the  converted  64-prs. 


*  These  trials  vere  made  with  wrought  iron  guns,  rifled  on  the  respective  systems 
of  Commander  R.  A.  E.  Scott,  U.N.,  Mr.  Lancaster,  Mr.  Jeffery,  and  Mr.  Britten, 
which  had  been  nelected  a8  the  best  representatives  for  the  systems  brought  forward. 

At  the  request  of  the  Ordnance  Select  Comroitteo,  u  gun  rifled  with  French  groovet 
waf  added,  and  finally  a  shunt  gun  also  was  tried  in  comparison  with  the  others. 
'    All  the  guna  selected  for  competition  were  7''  H.M.L.  guns  of  7  tons,  bnilt  on  the 
'  JknoakWQ^  ooil  principle,  and  having  inner  barrels  of  steel.    For  detailed  descriptions 
^^^      tnalfy  vide  note  at  the  end  of  chapter,  p.  69. 
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Plan  of  Muzzle  showing  ** Shunt"  Grooves.    Scaled  ins.  =  1  foot. 
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The  peculiarity  in  this  system  of  rifling  is  that  the  depth   and  width   "Shunt" 
of  the  grooves  varies  at  different  parts,  the  object  aimed  at  being  to  system, 
provide  a  deep  groove  for  the  studs  of  the  projectile  to  travel  down 
when  the  gun  is  being  loaded,  and  a  shallow  groove  through  which  they 
must  pass  when  the  gim  is  fired,  so  that  the  projectile  may  be  gripped 
and   perfectly  centred  on   leaving   the  muzzle.      This  is  attained  by 
making  one  side   of  the  groove   (the   driving   side)  near  the  muzzle 
shallow,  as  shown  above,  the  unshaded  portion  representing  the  shal- 
low part  or  grip.     The  projectiles  have  soft  copper  studs,  which  fit 
easily  with  a  windage  of  0"'025  into  the  deep  portion  of  the  groove;     . 
when  the  gun  is  loaded*  the  studs  travel  down  this  deep  portion  until 
they  aiTive  at  33" '5  from  the  muzzle,  where  they  meet  with  an  incline, 
by  which  they  are  "  shunted  "  into  a  narrower  part  of  the  groove  (still 
of  the  same  depth)  down  which  they  travel  to  the  chamber. 

On  discharge  the  studs  beai*  against  the  other  side  of  the  groove,  until   Action, 
at  24" '5  from  the  muzzle  they  come  to  an  incline  upwards  14"  long,  up 
which  they  travel,  the  studs  being  thereby  compressed  0" '  005.     With 
this  compression  they  pass  out  through  the  remaining  10" '5  of  the  bore. 

In  the  bottom  groove  at  the  extremity  of  the  rifling  there  is  an 
additional  shunt,  the  object  of  which  is  to  bring  the  studs  well  up 
against  the  driving  edge  of  the  grooves,  and  thus  to  reduce  their  liability 
to  being  sheared  by  the  shock  of  discharge. 

The  objections  which  have  led  to  the  abandonment  of  this  system  of  Objections  to 
rifling  are  (1.)  It  is  complicated.     (2.)  It  is  not  found  to  answer  well   shunt  rifling. 
in  practice.     (3.)  The  projectile  is  gripped  at  the  muzzle  when  at  its 
highest  velocity.     (4.)  The  sharp  angles  at  the  edge  of  the  grooves 
readers  the  tube  liable  to  spHt. 
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On  examining  projectiles  which  have  been  fired  it  is  found  that  the 
centring  action  does  not  truly  take  place,  as  the  greater  part  of  the 
comproHHion  is  t^ikcMi  l>y  one  row  of  studs.  Moreover  the  studs  are 
found  to  be  worn  in  steps,  showing  that  they  have  overridden  the  grooves 
into  the  lands,  owing  to  the  small  bearing  surface  on  the  driving  side 
of  the  grooves  nem*  the  muzzle.  This  wouhl  account  for  the  inferior 
shooting  of  these  guns,  compai'ed  with  those  rifled  with  the  plain  groove, 
by  which  the  shunt  has  b(»en  superseded.  Vlaiv  Groove.    Scale  *th 

(2.)  The  "  plain  groove  J"* — This  is  really 
the  narrow  deep  portion  of  the  shunt  groove. 

It  is  employed  with  all  the  converted  64-pr. 
guns  as  well  as  with  the  re- tubed  64-prs.  above 
mentioned,  so  that  they  can  all  use  the  ammu- 
nition employed  with  the  shunt  rifled  pieces. 

This  groove  gives  very  good  results  as  to 
shooting.  It  will  l)e  seen  that  the  bottom  of 
the  groove  is  concentric  with  the  bottom  of  the 
bore. 

(3.)  The  so-called  **  Woolwich  "  groove  is  shown  in  diagram  below, 
and  is  used  with  all  guns  above  the  64-pr.,  as  well  as  with  the  80-pr. 
converted  gun,  8-inch  howitzer,  40-pr.,  and  2o-pr.  guns.  The  dimensions 
diff<T   slightly  for  the  different  pieces,  as  will  be  seen   in  Table  at 

Woolwich  Giioove.     Scale,  full  size. 


(4.)  The  ^^  French  niodijicd^'*  with  16-pr8.  and  9-prs.  R.M.L.  guns, 
as  shown  in  diagram  below  : — 

Section  of  Groove.    Scale,  full  size. 


/• 


!" '• 


*  This   groove  varies    in   width   and  depth  according  to  the  nature  of  gtin, 
vide  p.  292. 
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The  driving  edge  of  the  groove  forms  an  angle  of  70*^  with  the  normal     CHAP.  II. 

to  the  surface  of  the  bore,  and  the  loading  side  is  at  right  angles  to  the  

driving  side. 

The  width  is  C'- 8  at  top,  and  the  depth  0"- 11  ;  the  bottom  of  the 
groove  being  eccenti'ic  to  the  bore,  and  the  corners  rounded  off. 

The  smaller  incline  on  the  driving  side  is  given  in  order  that  the 
studs  may  run  up  the  incline,  and  thus  be  gripped  and  the  projectile 
centred ;  the  bottom  of  the  grooves  are  eccentric  with  the  bottom  of  the 
bore,  so  as  to  assist  in  this  centering  action. 

(5.)  The  "  jPrencA,"  with  7-pr.  R.M.L.  guns,  as  shown  in  diagram  French  groove, 
below  : — 


This  rifling  differs  from  the  modified  French  system  (used  in  the 
9-pr.  and  16-pr.)  in  not  having  the  comers  rounded  and  in  the  curve  of 
the  bottom  of  the  groove  being  described  concentric  to  the  bore.  The 
grooves  are  0"' 6  wide  at  the  bottom  and  0"*  1  deep.* 

Experimental  Hifiinff. 

The  advantages  of  the  increasing  over  the  uniform  twist  have  already  increasing 
been  explained,  bu,t  in  our  service  ordnance  this  form  of  curve  has  the  twist  necessi- 
disadvantage  of  obliging  us  to  employ  studs  of  different  sizes  (vide  ^*®«  »*"^ 
Treatise  on  Ammunition,  1874,  p.  140)  in  the  various  rows,  which  studs  on  ^projectile 
are  not  all  brought  into  bearing  until  the  projectile  has  nearly  reached  the  gj^g^g  ^^° 
muzzle,  so  that  all  the  pressure  is  at  first  borne  by  only  one  row  of  studs. 
This  is  due  to  the  fact  of  the  curve  being  an  increasing  curve,  so  that 
the  front  row  of  studs  will  always  be  in  a  part  of  the  curve,  the  curva- 
ture of  which  increases  more  rapidly  than  that  in  which  the  rear  stud 
rests,  and  would  therefore  be  soon  sheared  away  if  of  the  same  size, 
because  the  rate  of  rotation  of  the  projectile  itself  would  be  equal  both 
where  the  front  and  rear  studs  are  fixed. 

In  order  to  overcome  this  defect,  an  experimental  form  of  groove  is  Experimental 
now  being  tried  in  a  6*3-inch  howitzer,  and  also  in  a  12-pr.  experimental  form  of  groove, 
field  gun. 

With  another   experimental  12-pr.   an  entirely  different  system  of 
rifling  is  being  tried  as  already  mentioned.    Here  a  copper  cup  attachedf  Rotation 
to  the  base  of  the  shell  suffices  to  give  the  necessary  rotation  when  it  ®^<^^^  ^Y  ^ 
is  expanded  into  the  grooves  upon  discharge.  A^ base^^ 

The  twist  with  this  piece  is  an  increasing  twist  from  0  to  I  in  30,  and 
it  is  rifled  with  10  shaUow  grooves  0"'05  deep. 

Summary  as  to  Rifling. 

As  to  the  rifling  of  our  R.M.L.  service  guns,  we  may  sum  up  by  saying  Summary  as  to 
that  these  guns  have  at  present  the  stud  system  of  rifling,  where  rifling. 
projecting  studs  driven  along  the  grooves  give  the  required  rotation. 

This  system  admits  of  the  increasing  twist  which  cannot  so  well  be 
employed  with  lead  coated  or  ribbed  projectiles,  and  which  is  of  great 


*  With  this  nature  of  groove,  and  also  with  the  plain  groove,  the  width  is  measured 
at  the  bottom,  the  angles  being  rounded  off  in  all  other  grooves  the  width  at  bottom 
cannot  be  accurately  measured. 

f  This  system  of  rifling  has  long  been  in  use  elsewhere,  and  is  likely  to  assume 
importance  in  our  own  service  before  long. 
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grooves. 


Venting. 


Vent  bush. 


Copper. 
Steel. 


advantage  when  we  employ  heavy  charges,  principally  in  reducing  the 
strain  upon  the  projecting  parts  of  the  projectile,  and  also  in  a  smaller 
degree  in  reducing  the  maximum  pressure  on  the  walls  of  the  gun 
itself.  The  stud  system  is  also  a  simple  system,  and  gives  on  the  whole 
very  good  results. 

We  are,  however,  making  experiments  in  field  guns  with  another 
system,  which  also  promises  well,  vizt.,  one  in  which  an  expanding 
base  is  used  to  give  rotation,  and  which  will  at  the  same  time  stop 
windage  and  erosion  and  increase  the  useful  result  of  the  charge. 

Form  of  Grooves. 

It  should  be  always  borne  in  mind  that,  so  far  as  at  present  knowoy 
nearly  the  same  results  can  be  obtained  from  almost  any  system  of 
rilling,  if  the  advantages  and  disadvantages  which  each  one  possessed 
are  properly  balanced.  At  times,  as  progress  is  made,  each  in  its  turn 
may  seem  superior  to  all  others,  until  some  new  improvement  brings 
another  system  more  to  the  front,  to  be  later  eclipsed  by  yet  another, 
and  so  on. 

What  is  above  all  neccssaiy  to  success  in  this  particular  detail,  as  in  the 
whole  of  gun  construction,  is  that  no  minor  points  be  overlooked,  and  that 
as  progress  continues  in  the  manufacture  of  powder,  projectiles,  gun 
caiTiages,  &c.,  equal  advanws  should  be  made  to  meet  the  improved 
requirements  as  regards  the  gun  itself,  so  that  the  benefits  reaped  from 
progress  in  one  direction  may  not  be  lost  by  want  of  progress  in 
another. 

The  problem  of  how  to  construct  a  piece  of  ordnance  is  indeed  a  most 
complicated  and  vexed  question  into  which  so  many  variables  enter  that 
to  lay  down  rigid  and  arbitrary  rules  is  not  permissible ;  all  we  can  do 
is  to  utilize  theory  so  far  as  known  and  to  avail  ourselves  of  those 
experimental  data,  the  store  of  which  each  year  increases. 

o.    Venting  and  Vents. 

Having  constructed  our  gun,  and  chosen  the  system  of  rifling  to  be 
adopted,  we  have  to  determine  what  means  should  be  employed  to  fire 
the  charge  ;  this  is  dpne  as  regards  all  existing  ordnance  by  means  of  a 
percussion  tube  or  otherwise,  the  flash  from  which  parses  down  a  fire- 
hole  bored  through  the  gun  itself,  through  the  breech,  stopper,  or 
through  both  together,  as  in  the  German  field  guns. 

As  the  rush  of  heated  powder  gas  (juickly  wears  away  the  metal 
round  the  fire  hole,*  it  is  usual  to  bore  a  hole  in  the  metal  of  the  gun  or 
breech  stopper,  into  which  is  fitted  a  screw  j)lug  or  vent  bushel  through 
which  the  fire  channel  or  vent  proper  is  made ;  when  the  vent  becomes 
much  damaged  by  wear  or  otherwise,  the  vent  bush  can  be  removed  and 
replaced  by  a  new  one. 

As  copper  withstands  the  action  of  the  powder  gas  very  well,  the  bush 
is   usually  made  of  this   metal,  though    steel   is   sometimes  employed. 


*  We  see  that  the  practice  of  vent-bushing  guns  is  of  ancient  date,  as  a  scientific 
soldier  of  oldcu  time,  Captain  Hexham,  writing  in  1642,  says,  "  I  have  scene  in 
Ostend,  upon  the  west  bulwark,  that  some  touch-holes  of  canon  were  blowne  so 
great  with  often  and  continuall  shooting,  that  I  have  put  my  fist  into  them.  Now 
such  a  touch- hole,"  he  says,  "being  blowne  some  3  or  4  inches  maye  easely  be 
remedied,  for  if  you  bore  the  hole  round  and  drive  in  a  screw  of  iyron  into  it  as 
thick  as  your  finger,  and  in  the  midst  of  the  screwe  abovesaid  bore  a  touch-hole  in 
yt,  you  shall  find  this  to  last  longer  than  any  other  way."  He  also  says  that  new 
ordnance  bad  such  vents  screwed  in  at  their  first  manufacture,  and  that  they  lasted 
looger  than  brass  or  copper  touch-holes. 

t  For  description  of  the  actual  vent  or  bush  itself,  vide  p.  54. 
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Wrought  iron  was  formerly  used  for  this  purpose,  and  vents  of  that     CHAP.  II. 
material  are  still  to  be  found  in  some  of  oui*  S.B.  cast  iron*  pieces.  

The  position  of  the  vent  in  the  gun  may  either  be  what  is  usually  Wrought  iron, 
called  axial  or  central,  t.^.,  when  the  vent  channel  runs  through  the  Po*Jtio°- 
axis  of  the  breech  and  strikes  the  cartridge  in  the  centre,  at  the  bottom 
of  the  bore,  as  with  our  R.B.L.  guns ;  or  it  may  be  such  as  to  strike  the  In  R.6.L.gim8. 
chamber  at  an  angle,  or  perpendicularly  to  the  axis  near  the  bottom  or  In  8.6.  and 
elsewhere,  as  is  done  in  our  S.B.  and  H.M.L.  ordnance.  K.M.L. 

For  convenience  the  vent  generally  opens  at  the  top  of  the  gun  ;  but 
in  10-inch  guns  and  upwards,  where  the  size  of  the  gun  renders  this 
position  awkward,  the  bush  is  placed  at  an  angle  of  45^  with  the  perpen- 
dicular, and  the  vent  hole  will  therefore  be  at  the  top  right  side  in  such  In  heavy  guns, 
guns  for  broadside  and  garrison  service,  while  in  turret  guns  it  is  some- 
times placed  on  the  left  side  and  sometimes  on  the  right  as  convenient. 

When  powders  of  comparatively  small  grain  are  employed,  the  rate  Effects  on  posi- 
of  ignition  of  the  charge,  and  so  the  maximum  pressure  on  the  shot  and  *ion  of  vent, 
gun,  is  influenced  considerably  by  the  point  at  which  ignition  first  takes 
place.  I.e.,  by  the  position  of  the  vent. 

This  is  more  particularly  the  case  when  lai-ge  charges  of  considerable 

length  are  employed. 

From  experiments  made  in   1863  t  with  large  charges  of  R.L.G.,  Favourable 
. - I - r effectsobtained. 

♦  Vide  p.  66  for  reasons  for  this,  in  note  !• 

t  In  1863  General  (then  Colonel)  Lefroy  submitted  that  "the  time  had  come  when  O.S.C.  Pro- 
it  was  desirable  to  consider  whether  the  habitual  practice  of  igniting  the  chaise  at  ceedings,  1863, 
the  back  end  is  favourable  for  developing  the  greatest  force  of  the  charge  with  the  p.  154. 
least  strain  on  the  gun,  the  elongated  charges  coming  into  use  with  the  heavy  shot  O.S.C.  Fro- 
and  powder  of  larger  grain  than  formerly  having  altered  the  old  conditions."  ceedings,  1863, 

Experiments  were  then  sanctioned  to  be  carried  out  in  a  bronze  gun  of  6'' '5  p.  394 ;  1864, 
calibre  bored  ap  to  6''  '9.    It  was  vented  in  six  different  positions,  viz. : —  p.  66. 

No.  1.  Came  out  exactly  at  the  base  of  the  charge. 
„  2.  Half-way  between  that  and  the  service  vent. 
„  8.  Service  vent. 

„  4,  5,  and  6,  respectively,  1'''38,  2'''  76,  and  4" '25  in  front  of  true  vent. 
With  14  lbs.  charge  II.L.G.  powder  and  42-lb.  shot,  the  following  mean  initial 
velocities  were  obtained  from  the  above-mentioned  vents :  — 

l8t  Experiment.  2nd  Experiment. 

Feet.  Feet. 

No.  1  vent  -  -    1,773  -  -       — 

„    2     „  -  -     1,782  -  -       — 

„    3     „  -  -     1,789  -  -     1,794 

„    4     „  -  -     1,816  -  -     1,836 

„    5     „  -  -     1,861  -  -     1,895 

„    6     „  -  -     1,811  -  -     1,860 

"  It  is  observed  that  the  velocity  increased  as  far  as  the  5th  vent,  the  greatest  in- 
crease being  from  the  4th  to  the  5th,  at  which  point  the  mean  initial  velocity  was 
increased  72  feet  per  second  above  what  had  been  obtained  when  using  the  service 
or  No.  3  vent.  In  proceeding  to  No.  6  vent,  the  velocity  was  suddenly  diminished 
51  feet  per  second.''  These  experiments  were  repeated,  but  the  difference  between 
No6. 3  and  5  was  still  greater,  being  now  100  feet  per  second.  *'  Taking  the  mean 
between  the  two  results,  viz.,  an  increase  of  86*5,  it  is  equivalent  to  an  increase  of 
the  charge  from  14  lbs.  to  15^  lbs.,  and  in  the  opinion  of  the  committee  proves  con- 
dosiyely  that  the  vents  of  guns  using  heavy  charges  should  be  bored  eo  as  to  strike 
the  cartridge  in  the  position  of  No.  5  vent,  that  is  to  say,  at  about  ^ths  of  its 
length  from  the  end  of  the  gun,  or  slightly  behind  the  centre  of  the  cartndge.  The 
committee  recommend  that  the  position  of  the  vent  in  all  future  wrought  iron  MX. 
gons,  be  such  as  to  fulfil  this  condition,  and  that  the  vent  be  drilled  vertically  as 
already  adopted  by  Sir  W.  Armstrong  in  all  his  larger  guns." 

Both  of  &ese  recommendations  were  approved  14/4/64,  as  the  experiments  had  Approved, 
proved  that  the  ignition  of  the  cartridge  at  the  point  above-named  <*  realizes  the  §  900. 
greatest  projectile  force  which  can  be  produced  by  a  given  charge." 

No  account  was  taken  in  these  experiments  of  the  pressure  in  the  bore,  which  has 
since  been  proved  to  be  much  greater  when  charges  of  B.L.G.  powder  are  fired  with 
the  forward  Tent. 

D  2 
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CHAP.  n. 

by  striking  the 
cartridge  -AfihB 
of  its  length 
from  end  of 
bore*. 

Under  what 
conditioni 
heayy  guns 
are  still 
vented. 


the  powder  tlien  employed  with  heavy  guns,  it  appeared  that 
when  the  cartridge  was  ignited  at  a  distance  of  -^ihs  of  its  length  from 
the  bottom  of  the  bore  that  the  best  results  were  obtained  as  to  velocity 
imparted  to  the  projectiles ;  it  was  therefore  settled  that  heavy  guns 
were  to  be  vented  so  that  the  hush  should  strike  the  bore  at  that  dis- 
tance from  the  bottom.* 

This  rule  is  still  adhered  to  in  all  our  heavy  guns,  although  the  powder 
grains  are  much  larger  than  those  of  R.L.G.  This  rate  of  combustion 
of  the  charge  depends  not  so  •  much  upon  the  rapidity  with  which  the 
several  grains  are  lighted  as  upon  the  rate  of  burning  of  each  particular 
grain  ;  in  this  case  we  should  expect  to  find  but  little  difference  between 
the  pressure  given  and  velocity  obtained,  whether  the  charge  is  fired  at 
one  end,  or  near  the  middle  of  its  length,  and  this  we  find  borne  out 
by  the  results  of  experiments  carried  on  by  the  Committee  on  Explo- 
sives under  the  presidency  of  Colonel  Younghusband,  R.A.,|F.B.S. 
With  charges  of  130  lbs.  of  large  pebble  powder,  the  charge  being 
lighted  in  one  case  with  a  service  vent,  and  in  the  other  at  the  end  of 
the  bore. 

The  results,  as  shown  by  the  accompanying  Tabled  according  to  the 
Committee's  Report  f  indicate  that  there  is  no  practical  "  difference  in 
the  velocity  and  pressure  when  the  special  powder  J  is  used  if  the 
charge  be  lighted  at  the  end  of  the  bore,  or  in  the  service  position, 
viz. :  12  inches  from  the  end  of  the  bore." 


Axial  vent. 


Number 

of 
Bound. 

Vent. 

Muzzle 

Velocity 

for  an 

800  lb.  shot. 

Pressure  in  Tons*  per  Square  Inch  at 

B. 

C. 

1. 

2. 

3. 

4. 

72 
73 

Service 

»> 

Mean 

Axial  open   • 
„     closed  - 

Mean       - 

feet. 
1,386 

1^91 

22-6 
23-7 

22*8 
22-6 

19*2 
19-2 

13-2 
13*8 

9*5 
9*4 

6-8 
6*8 

1389 

22-7 

22*7 

19-2 

13*5 

9-5          6-6 

79 
81 

1,393 
1,886 

23-7 
23-6 

23-3 
23-1 

19-7 
190 

U'2 
13*6 

1 
8-5          6-7 

8-3    1      7-8 

1,390 

23-6 

23*2 

19-4 

13-9 

8-4 

7-0 

These  letters  and  numbers  refer  to  the  position  of  the  crusher  plugs  (p.  840)  in  the  gun. 

Unless,  however,  the  adoption  of  an  axial  vent  should  be  considered 
desirable  on  account  of  some  practical  advantage,  the  Committee  re- 
ported that  "  they  saw  no  reason  for  recommending  any  departure  from 
the  position  of  vents  adopted  in  the  other  heavy  guns,  viz.,  four-tenths 
of  the  length  of  the  battering  charge  from  the  end  of  the  bore." 

Consequently,  in  our  38-ton  guns,  as  well  as  in  the  80-ton  gun,  the 
service  position  of  the  vent  is  retained.  Subsequent  investigations 
appear  to  show,  that  in  order  to  prevent  abnormal  pressures  due  to 
length  of  cartridge,  &c.,  it  is  desirable  even  with  cubical  powder  to  light 


*  In  the  under-mentioned  wrought  iron  guns  the  vent  strikes  the  cartridge  as  follows, 
the  distance  being  from  the  end  of  the  bore :  — 
64-prs. 

, * ^  12''  12"  12"-6 

I.    n.  &     7"         8"        9"       10"       11"       25  tons      85  tons      88  tons. 


ni. 

Inches  6-1  5*2  8*6 


! 


9-2       9-7        11  10  9-8  12 

lieport  of  Committee  on  Explosives,  December  1875,  p.  7. 
I.e.,  Powder  of  1"*5  cube. 


18 


OITN  C0N8TBD0T10N  GENERALLY, 


53 


the  cartridge  near  its  centre,  tind  this  mode  of  igniting  the  charge  h&s     CHAP.  II. 

been  used  in  the  case  of  the  80-ton  gun  even  when  an  axial  vent  was         

employed. 

Witii  our  smaller  B.M.L.  gnus,  however,  the  vent  strikes  the  bore  near  Poiitioii  of 
the  bottom,  in  order  to  m^e  certain  that  all  the  ignited  portione  of  vent  in 
the  cartridge  bag  should  be  got  rid  of  when  blank  chargea  are  flred,  nn»Ilerp«M. 
and  also  that  when  reduced  charges  are  used  whilst  firing  at  high  angles 
there  may  be  no  chance  of  their  not  being  exploded  by  the  tabe,  which 
m^^t  be  the  case  ware  the  vent  too  mnch  forward. 

The  fbllowing  Table  shows  that  with  our  service  40-pr.  and  2S-pr,  40  and  S5-pif. 
R.MX.  guns  au  |incFease  of  about  120  fji.  to  90  f.s.  M.V.  was  gained  K-**-L. 
with  service  powder  when  the  cartridge  was  fired  at  tbe  centre  ^by  Eiperiniento 
means  of  a  forward  vent ;  ^''^  tbrwani 


i 

i 
i 
■s 

1 

8or»ioe  isnt. 

PorwsrdTunt, 

i 
1 

intoniper 

5 

1 

1 

1 

^•^iS'^ 

Gnn. 

i 

■B 

1 

•s 

1 

1 

■B 

j 

1 
1 

at 
« 

i,as6 

1,!M 
1,334 
1*9* 

32-3 
SB'S- 

la-s 

10' B 

10 -o' 

W6 

1.470 

27-0 

22-a 
16-a 

16 

a 

3 

*  Hi^iiieMipntiurBdaetotrregutaritjofthepreaureKlienbyindlvlduilRHmdj. 

The  Committee  on  Explosives  reported  on  26th  April  IBTH,  with  re- 
ference to  the  experimenta  of  which  this  table  sbowa  the  results,  that 
the  experiments  already  carried  out  with  forward  vents  in  40-pr.  aud 
25-pr.  nfled  muzzle-loading  guns,  firing  service  rifle  large  grain  powder, 
show  that  a  considerable  increase  in  velocity,  without  any  injurious  in-  Velcxutj gained 
crease  in  pressure,  may  be  attained  by  igniting  the  cartridge  in  the  by  forward 
centre  instead  of  in  rear.*     The  pressures  are  ako  more  uniform  with  vent, 
the  forward  vent     la  the  case  of  the  16-pr.  gun,  there  is  no  practical 
difference  in  velocity  with  either  vent,  but  the  pressure  on  the  base, of 
the  shot  is  reduced  by  the  use  of  the  forward  vent,  and  this  reduction 
might  possibly  obviate  the  tendency  to  premature  explosion  of  shrapnel 
shell  in  this  gun,   and   overcome  what   has  hitherto   been   a   serious 
difficulty. 

The. Committee  therefore  proposed  to  cany  on  further  eKperiments 
on  the  subject,  which  are  for  die  present  stopped  pending  a  decision 
regarding  the  powder  to  he  used  for  field  guns. 

Again  with  16-pr.  It.M.L.  guns  fired  at  Shoeburyness  in  July  1871,  l*-pr-  K.MX. 
a  forwairJ  vent  gave  as  shown  by  the  table  below,  a  mean  velocity 
of  ftboat  40  f.B.  in  excess  of  that  gained  with  a  rear  vent. 
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CHAP.  n.  Tho  gun  wAfi  fitted  with  a  removable  forward  vent,  and  advantage 
was  taken  of  this  circumatance  to  determine  the  loaa  of  velocity  in  this 
calibre,  due  to  placing  the  vent  at  the  end  of  the  bore.  This  vent 
struck  the  cartridge  at  0'6-inch  from  the  rear  end  of  bore.  With  the 
forwaiii  vent  the  cartridge  waa  struck  at  4*4  inches  from  the  rear. 
The  latt«r  vent,  however,  was  not  thought  suitable  for  low  charges,  and 
facilitated  the  deposit  of  half-consumed  cartridge  in  the  bore. 


40-pi.  R.H.L. 

and  smaller 


ProjeblLIc: 

°m 

■3 

1! 

1 

"3" 

Nstun. 
Mou. 
Woi«ht. 
Lenrth. 

DiiniBter. 

Porilion 
Veat. 

"- 

iiiphn. 

i^A 

I 

s 

lO-a.S'S 

10  inchBI. 

K- 

a.B.n. 

L 

da. 

Forvknl 

*  With  charges  of  special  povdm  BimilaTlj'  tried  analogaus  reiulta  were  obtained. 

To  recapitalate  as  to  the  position  of  vents  in  our  service  guns : — 
R.M.L.  64-pr.  and  upwards  are  vented  so  that  the  bush  strikes  the 
surface  of  the  bore,  ^^gths  of  the  length  of  the  cartridge  from  the 
bottom  ;  and  in  lO-inch  guna  and  upwards,  for  convenience  as  to  inaer- 
tion  of  tube,  &c.,  the  bush  is  inclined  at  an  angle  of  45°,  though  it  is 
always  perpendicular  to  the  surface  of  the  chamber. 

With  the  converted  guns,  80-prs.  and  64-prs.,  the  vent  strikes  the 
conical  powder  chamber  at  right  angles  to  the  surface,  and  near  the 
bottom,  and  is  inclined  at  the  same  angle  iii  was  the  bush  of  the  old 
S.B.  guns  or  nearly  so.* 

With  R.M.L.  howitzer.'^  the  vent  is  inclined  at  a  certain  angle  so  as 
to  strike  the  conical  chamber  also  at  right  angles  and  near  the  bottom. 

In  the  40>pr.  R.M.L.  and  downwards  the  vent  is  perpendicular,  and 
strikes  the  bore  close  to  tho  end  so  as  to  en.sure  complete  consumption 
of  ail  the  pieces  of  the  cartridge,  and  to  make  certain  that  the  charge 
will  be  lighted  when  reduced  for  the  purpose  of  high  angle  firing. 

Vent  bushes. 

The  service  vent  bushes,  or  vents  used  by  us  are  of  copper  (except 
the  few  iron  bushes  found  with  some  S.B.  pieces,  vide  p.  66),  and  for 
R.M.L.  guns,  the  metal  is  specially  hardened.  For  vent  btishes  of 
B.B.L.  guns,  vide  p.  133. 

For  S.B.  and  R.M.L.  guns  there  are  two  kinds  of  copper  vents  or 
bushes,  viz. ; — the  "  through  vent "  and  the  "  cone  vent."t 

The  through  vent  is  a  cylinder  1^  inch  in  diameter,  cut  with  a  screw 
thread  -^g  inch  deep,  and  having  ii  square  head  by  means  of  which  the 
bush  is  screwed  into  the  gun. 


w£. 


Phil  is  done  on  account  of  the  conical  shape  of  the  chamber.    Vide  p.  1 6S. 
ror  R.M.L.  gnas,  except  the  converted  gum,  only  "  cone  "  vents  are  iuoed. 
1  necMnry  they  are  twed  aa  "  through  "  vents,  the  eoae  being  entirelj  renoTc^. 
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The  cone  vent  is  of  the  same  shape  and  size  as  a  through  vent,  except     CHAP.  II. 

towards  the  end,  where  the  screw  thread  terminates,  and  the  cylinder  

merges  into  the  frustrum  of  a  cone  I^  inch  in  length  and  J  inch  in  ^^^^  '^^^^- 
diameter  at  the  extreme  end. 

Guns  are  first  vented  with  a  cone  vent,  the  through  vent  is  only  used 
when  the  wear  round  the  copper  is  so  great  that  the  cone  must  all  be 
bored  out  to  remove  flaws,  vide  p.  302. 

The  copper  is  2  inches  square  in  section.  It  is  drawn  down  square 
while  cold  under  a  light  steam  hammer  to  the  size  required  for  the  screw, 
the  blows  being  as  light  and  numerous  as  possible,  so  that  the  greatest 
amount  of  condensation  may  be  effected.  It  is  afterwards  treated  in  the 
usual  manner,  i.e.  turned,  a  seven-thread  screw  cut  on  it,  and  coned  at  the 
bottom. 

The  vents  of  course  vary  in  length  according  to  the  thickness  of  §  1821. 
metal  of  the  ffun.  In  18-ton£runs  and  upwards  the  threads  are  limited  to  Vent  bushes  of 
a  length  or  6  inches  above  the  cone,  the  upper  part  being  plain.     Guns  *°'''*'"  o*™** 
for  sea  service  have  the  mouth  of  the  vent  rimed  out  to  a  depth  of 
1  inch,  tapering  from  *28  at  the  top  to  '22  at  the  bottom. 

Some  S.B.  bushes  have  a  different  thread,  vide  p.  67,  chapter  III.,  Different 
while  the  converted  guns  are  vented  with  a  through  vent  to  begin  with  threads, 
vide  p.  239. 

The  bush  of  the  7-pr.  steel  gun  is  exceptional,  having  18  threads  to  7-pr.  steel  gun, 
the  inch,  and  being  of  much  smaller  dimensions,  0"'625  in  diameter,  in  exceptional 
order  not  to  weaken  the  gun  too  much.     The  vent  bush  of  the  80-ton  ^t'   -«- 
(experimental)  gun  is.  also  exceptional,   being  of  larger   dimensions, 
1  *  5  inch  in  diameter. 

It  may  be  remarked  that  although  a  copper  vent  can  be  readily  re-  Wear  of  the 
moved  when  worn  out,  as  explained  at  p.  313,  yet  with  large  guns  vent. 
firing  heavy  charges,  the  wear  of  the  vent  caused  by  the  action  of  the 
escaping  gases  is  so  great  that  it  is  very  desirable  to  find  some  practical 
method  oi  stopping  this  rush  of  gas. 

Many  plans  have  been  brought  forward,  some  of  which  are  still  under  Plans  for 
trial,  for  obviating  this  defect,  either  by  stopping  the  fire  channel  inmie-  preventi^  the 
diately  the  charge  is  ignited  near  the  top  (1);  or  at  the  bottom  (2);  ^^        ^ 
or  again  by  providing  the  gun  with  a  vent  which  can  be  more  readily 
removed  than  the  service  vent  (3). 

The  first  method  seems  the  easiest  to  use,  though  the  least  efficient, 
because  it  allows  of  a  rush  of  gas  along  the  vent  channel ;  the  second 
would  be  most  complete  if  it  can  be  attained  without  too  much  practical 
difficulty,  as  by  means  of  it  no  wear  of  the  gas  channel  would  take 
place.*  The  third  method  plainly  does  not  solve  the  difficulty  altogether, 
but  partially  does  away  with  its  ill  effects,  and  is  that  which  will  probably 
be  of  the  simplest  and  readiest  application. 

6.  Sighting  generally. 

Although  sighting  is  not  strictly  speaking  a  part  of  gun  constniction,  Sighting, 
yet  we  may  treat  it  here  generally,  considering  that  all  ordnance  must 
be  provided  with  some  means  of  laying  in  order  to  be  of  any  use. 

*  A  simple  method  of  this  description  is  that  brought  forward  by  Major  Mait- 
land,  B.A,,  where  a  plate  of  copper  is  attached  to  or  loaded  in  rear  of  the  end  of 
the  cartridge,  which  plate  on  the  explosion  of  the  charge  is  driven  tightly  against 
the  aperture  of  an  axial  vent.  This  has  the  objection  that  after  every  fire  the 
plate  must  be  removed  from  the  gun.  This  method,  as  well  hr  others  of  the  several 
natures  mentioned  in  the  text,  is  under  consideration. 
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TABLE  in. 
Results  of  Experiments  at  Dartmoor  {vide  p.  84). 


Nature 

of 
Battery. 

Number 

of 
BoundB. 

Arerage 

Time 

per  Bound., 

ProlectUe. 

Bange 

in 
Yards. 

Target. 

Number  of 
Hits. 

16^pr. 

86 

15" 

Water  shell 

2,000 

Dummies  representing 
a    regiment    of    ca- 
valry,  288  men.  quar- 
ter column :  ground 
covered.  80  yards  x 
441  yar^ 

8302. 

»» 

86 

9" 

Shrapnel 

sheU. 
percuasion 

fuze. 

2.000 

*•                        w 

1.574. 

» 

86 

18" 

Shrapnel 

shell, 
timefuse. 

2.000 

»•                      »* 

1.512. 

w 

12 

»* 

2,080 

Field  gun  in  gun  pit  - 

All  the  detach- 
ments      dis- 
abled and  car- 
riage injured. 

** 

72 

Deliberate 
firing. 

n 

2.100 

Attacking    line.     100 
men  (A.).* 

68  men  struck. 

»-pr. 

72 

w 

n 

2.100 

**                It 

60          do. 

I* 

12 

20" 

M 

2.575 

Supporting  line    (B.) 
lOOinflg.*   . 

12          do. 

It 

24 

46" 

M 

C2250^ 
11626) 

At  main  body,  200  men. 
(C.)  in  flgTbeloiPF* 

40          do. 

16«pr. 

12 

80" 

M 

2.600 

At  main  body  (C),  200 
skirmishers,  in    fig. 
below.* 

26          do. 

»• 

12 

45" 

M 

8420 

„•            20     •    do. 

*  Half  battalion  of  400  men  thus  disposed  :  Attacking  line  (A)  company  rank 
entire,  one  pace  between  each  man.  At  250  paces  a  supporting  line,  one  company 
with  open  ^es  (B),  t.e.,  two  paces  interval  in  line ;  at  350  paces  from  supports  the 
main  line,  two  companies 

<—          84  yards 
(A) ' 


Attaekiiig  line,  100  men. 


•3 


00 

o 


(B) 


(C) 


Supporting  line,  100  men. 


4 


o 
o 

CO 


Main  body,  200  men. 


84  yards. 
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TABLE  IV. 


CHAP.  n. 


Results  of  Experiments  at  Dartmoor  (vide  p.  84). 


Natore 

of 
B»tftei7. 

Number 

of 
AoundB. 

Avenge 

Time 

per  Round. 

Projectile. 

Range 

in 
Yards. 

Target. 

Number  of 
Hits. 

16-pr. 

72 

Deliberate 
firing. 

Shrapnel 
water  shell. 

8.000 

Column  of  four  com- 
panies. 400  men.  with 
double  intervals  be- 
tween files,  and  six 
paces  between  com- 
panies.* 

821  men  struck. 

»-pr. 

73 

M 

n 

8.000 

Do.       •      -       - 

,166         do. 

*» 

6 

Salvo. 

Shrapnel' 

shell* 
time  fuse. 

8.600 

Do.       •       -       - 

238.        do. 

n 

12 

Deliberate 
firing. 

Water  shell 

8.M0 

Do.       -       -       . 

881.         do. 

lS>pr. 

6 

Salvo. 

Shrapnel 

shell, 

percussion 

fuse. 

4,000 

Do.      .      -       - 

140.         do. 

*• 

12 

Rapid. 

Shrapnel 

shell, 
timefuse. 

4.000 

Do.       -       -      - 

110.        do. 

l«-pr. 

12 

*> 

Water  shell 

4,000 

Do. 

166.        do. 

tt 

12 

*> 

Shrapnel 

nhelU 
percussion 
fuze.     ' 

4flO0 

Do.       -       -      - 

189.        do. 

n 

18 

DeUberate 
firing. 

Common 
shell. 

6.200 

A  space  86  yards  x  42 
yards.. 

18    out    of    18 
shell  in  this 
space,  as  be- 
low. 

*  A  main  supporting  line,  consisting  of  a  half  battalion,  in  companies,  quarter 
colmnn,  at  double  interval;  10  paces  between  ranks,  7  paces  between  companies, 
doable  interval  between  files. 


70  yards. 


one  Co.  100  men. 
do. 
do. 
do. 
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Note  a  to  Chaftkb  II. 
Dt*ariptiim ^ Trialt  witkvarioiu  Sgittmt nf  It\fiing  (vide»ote',p.  46). 

CommaiideT  Soott'i  pm  wat  rifled  in  five  grooves,  which  were  ihtllower  on 

Soott't  BTrtem.    loiding  iide  thw a ''     "^    "    ---  -"  -^  ,_=...--., 

oentriiig  for  hu  sho 


One  gan  wig  snfBcient  for  iSeun.  JeBtij  and  Britten,  U  their  Bjvtems  diStarcd 
'frotnoDe  tnother  only  in  muuiei  of  applying  iMd  to  the  but  of  the  projeatile  r-  *'--* 

it  might  take  the  rifluig.f    Thii  gnu  had  13  groOTe     ~   ~  ~ ' 

width,  and  a  torn  of  1  m  SOS".    Fig.  8. 


B  0-10"iDdeplh  uidO-B4a"  ii 


■  The  Motioniof  tbB  m 


11  liie,  thon  ot  the  muntea  *re  on  kicalaoroii 


^Hr.  Britten'*  tnMhod  of  *Haoliiiig  lead  ooMJTW  chemlnllj  WM  adoptMl  tor  the  proleotilea  ol 
the  AnuitranB  B  Ji.  Enn^  iDd  bM  prared  BUM  MHthetoiy. 
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CHAP.  n. 


1^^^^^5^:^' 


L«. .fl498 


The  French  gun  was  rifled  in  three  grooTes  0*225''  deep,  2*02''  wide,  the  rifling  The  French 
gradually  increased  firom  nothing  at  thehreech  to  1  turn  in  259'^  at  the  muzzle.  The  gnn« 
first  batch  of  projectiles  for  the  French  gun  had  three  large  half-zinc  studs  in  front, 
supported  by  an  iron  back,  and  three  small  ones  behind,  but  as  the  experiments  went 
on  it  was  found  expedient  to  adopt  M^jor  Palliser's  proposal  of  changing  the  metal 
of  the  studs  to  gun  metal,  and  of  reversing  the  position  of  the  studs  by  placing  the 
smaller  ones  in  Iront.    Fig.  4. 

Fig.  4. 


^^S^^^^ 


The  shunt  gun  had  six  grooves  of  the  well  known  form ;  the  spiral  was  uniform  The  shunt  gun. 
with  one  turn  in  266^^  or  38  calibres.     The  shot  had  30  studs,  i.e.,  five  for  each 
groove.     Fig.  5  shows  section  at  muzzle. 

Fig.  5. 
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All  the  projectiles  had  hemispherical  heads.    The  weight  of  each  shell  (filled)  was 

100  lbs.  and  of  each  shot  1 10  Ibis.,  except  that  of  the  French  shot  which  weighed  only 

100  lbs. 

A  very  short  experience  showed  that  the  systems  of  Messrs.  Jeffery  and  Britten 

were  unsuited  for  heavy  charges  ;  large  pieces  of  lead  were  blown  off  the  shot,  and 

the  shooting  was  so  wild  as  to  throw  these  systems  entirely  out  of  the  competition, 

which  therefore  was  limited  to  those  of  Scott,  Lancaster,  the  French  and  the  shunt. 

Becommenda-        Experiments  were  carried  on  which  tested  these  competitive  guns  in  all  the  cardinal 

tionB  of  O.S.C.  virtues  of  ordnance,  and  though  the  shooting  qualities  were  alike,  the  Ordnance  Select 

Committee  in  their  final  report.  No.  3730,  Sated  Ist  May  1865,  recorded  their  unani- 
mous opinion  in  favour  of  the  so-called  French  system:  — 

(1.)  *'  Because  of  the  simplicity  of  its  studding  on  the  projectiles. 
(2.)  **  The  simplicity  of  the  grooving  of  the  gun,  and 

(3.)  **  From  a  disposition  to  admit  the  advantages  of  an  increasing  over  a  uniform 
spiral." 

Fig.  6. 


The  modified 
groove. 


And  further,  the  Committee  recommended  "  that  the  heavy  7"  guns  then  in  course 
of  manufacture  should  be  rifled  in  the  same  manner  as  the  competitive  so-called 
French  gun,  except  that  the  width  and  depth  of  the  grooves  should  be  slightly 
decreased,  and  that  8"  and  9"  guns  also  should  be  completed  with  similar  riflmg." 
Fig.  C  shows  a  section  of  the  modified  groove. 


CHAPTER  III. 


SMOOTH-BORE  ORDNANCE  AND  STORES. 


Blfled  Ordnance  rapidly  replaotn^  Bmootli  Bores.  ~ Where  S.B.  are  retained. 
— Cast  iron  and  bronze  guns. — Wrought  iron  S.B.  gims. — Claases  of  BM, 
Ordnance. — Guns,  carronades,  howitzers,  and  mortars. — Gomcr  and  cylindrical 
chambers. — Registration  and  designation. — Length. — Weight. — Preponderance. — 
Windage. — Natures  of  cast  iron  ordnance  in  the  service. — Bronxe  Ordnanoe. — 
Inspection,  proof,  marking  before  issue,  &c. — Marks  showing  nature  of  vents. — 
Venting. — Line  of  metal. — Quarter-sight  line. — Line  of  horizontal  axis. — 
Vertical  line. — Quarter-sight    scale. — Millar's    sights. — Wood    tangent   scale  of 

L.S Small  stores  L.S.  and  S.S.    Table  of  S.B.  guns  to  be  retained. — ^Table  of 

S.B.  guns  to  be  abolished. 


Rifled  ordnance 
replacing  S.B. 

In  certain  cases 
S.B.  retained. 


Mantt&cture 
ofS^B. 
ordnance. ' 


Rifled  guns  are  rapidly  replacing  smooth-bore  ordnance,  yet  we  still 
have  so  many  of  the  latter  in  our  armament,  both  at  home  and  abroad, 
that  it  is  necessary  for  artillerymen  to  be  well  acquainted  with  such 
ordnance  and  the  stores  belonging  to  them.  Moreover,  although  for 
the  reasons  given  at  p.  74  it  has  been  found  necessary  to  adopt  rifled 
guns  for  our  service  armament,  yet  for  certain  objects,  such  as  the 
defence  of  short  flanks  where  range  is  limited  and  generally  speaking  at 
close  quarters,  S.B.  guns  are  still  useful,  and  some  are  retained  in  all 
our  large  fortresses. 

S.B.  ordnance,  both  of  cast  iron  and  bronze,  were  cast  in  moulds  and 
afterwards  bored  out  to  the  ])roper  calibre.     Cast  iron  ordnance  were 
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manufactured  in  England  as  early  as  1545,  but  bronze  pieces  had  been    CHAP.  ni. 
made  in  this  country  long  before  that  date,  for  the  founding  of  bronze  : 

was  well   understood  prior  to  the  art  of  smelting  iron  ores  being  1^*^54'^''  ^^* 
perfected. 

In  1717  the  so-called  brass  foundry  was  established  at  Woolwich,  Brass  foundiy 
and  there  our  bronze  ordnance  have  principally  been  made,  some  of  the  »*  Woolwich, 
existing  natures  (the  4f  howitzer  and  Coehorn  mortar  for  instance)  ^^^^* 
having  been  manufactured  from  its  earliest  establishment. 

Cast  iron  guns  were  supplied  by  contractors  according  to  designs 
furnished  to  them,  and  were  proved  by  Government  officials. 

The  oldest  pieces  still  in  our  service  were  made  between  1780  and  Blomefield 
1822,  when  Sir  Thomas  Blomefield  was  Inspector  General  of  Ordnance,  guns. 
He  instituted  a  rigorous  proof,  and  improved  the  manufacture  generally. 
Guns  made  after  his  designs  may  be  known  by  the  numerous  architectural 
ornaments  on  the  exterior. 

General  Sir  W.  Congreve,  Sir  A.  Dickson,  and  Millar,  Mr.  Monk,  Congreve, 
and  Colonel  Dundas  successively  introduced  improvements   upon   the  Dickson, 
Blomefield  guns,  but  no  new  nature  of  cast  iron  or  bronze  S.B.  service  i?™^»  Monk, 
gun  has  been  made  since  1859,  when  the  supersession  of  our  smooth-     ^"^^^' 
bores  by  rifled  guns  commenced. 

In  1864,  when  guns  versus  armour  plates  became  a  serious  question,  S.B.  wrought 
the  Admiralty  proposed  the  construction  of  large  S.B.  guns  of  wrought  iron  guns,  1864. 
iron  for  penetrating  iron  clad  ships  at  close  quarters.  Two  natures, 
150  and  100-prs.,  were  consequently  made,  being  builtupon  the  Armstrong 
coil  system.  Much  more  powerful  results,  however,  than  they  could 
aflbrd  were  obtained  from  the  heavy  R.M.L.  guns  adopted  shortly  after- 
wards, and  their  manufacture  ceased.  These  two  guns  were  the  last 
two  natures  of  S.B.  ordnance  introduced  into  our  service  and  the  only 
description  made  of  other  materials  than  bronze  or  cast  iron.* 

ClassificeUion, 

Our  service  S.B.  ordnance  are  classified  as  follows  : —  Classes  of  S.B. 

{Guns.  .  g^^g  ordnance. 

TT     .  '  Bronze  <  Howitzers. 

Guns  are  from  14  calibres  and  upwards  in  length,  carronades  about  Guns. 
7  calibres ;  they  are  adapted  for  both  shot  and  shell. 

Two  guns,  however,  the  1 0-inch  and  8-inch,  are  made  for  shell  fire  Shell  guns, 
only.     These  differ  from  other  guns  in  having  conical  (gomer)  chambers 
and  in  being  shorter  and  lighter  in  proportion  to  their  calibre. 

Carronades  have  cylindrical  chambers  and  differ  much  from  other  Carronades. 
pieces,  being  short  and  tapering  towards  the  muzzle,  round  which  there 
is  no  swell,  but  a  lip  or  rim  projecting  forward  ;   they  are  without 
trunnions,  but  have  a  loop  underneath  by  which  they  are  secured  to  the 
carriage. 

Howitzers,  5  to  10  calibres  long,  and  mortars  from  3  to  4  calibres.  Howitzers  and 
are  chambered  and  adapted  solely  for  shells,  the  former  for  so-called  mortars, 
direct  and  the  latter  for  high  angle  fire.     Their  calibre  is  large  compared 
with  their  weight. 

The  trunnions  of  mortars  are,  for  convenience  in  high  angle  firing, 
placed  at  the  breach  end  instead  of  near  the  centre  of  gravity. 


*  The  150-prs.  are  now  obsolete.    They  have  been  returned  into  store,  but  are 
retained  for  the  present.    The  lOO-prs.  are  used  by  the  Navy  for  drill  purposes  only. 
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Qoxner 
chamber. 

Begistration. 

Difiference 
between  S.S. 
and  L.S. 

Designation. 


Length. 


Weight. 


Prepon- 
derance. 

Windage. 


Ordnance  in 
the  service. 


Table  A. 


Cast  iron 
ordnance. 
Shell  guns. 

10-inch. 


8-inch. 


All  mortars  and  howitzers  in  the  service  have  gpmer  chambers  except 
the  4f-inch  bronze  howitzer,  which  is  cjlindricallj  chambered. 

S.B.  ordnance  are  also  divided  into  li.S.  and  S.S. ;  many  pieces  are 
common  to  both,  e.^.,  the  8-inch  shell  gun  L.S.  and  S.S.,  others  were  only 
intended  for  one  branch  of  the  service.  S.S.  ordnance  are  always 
famished  with  breeching  loops,  and  a  few  also  have  housing  blocks, 
otherwise  they  differ  generally  from  L.S.  in  minor  fittings  only. 

Smooth-bore  pieces  for  firing  solid  shot  are  further  designated  by  the 
weight  of  the  shot  in  lbs.  and  the  weight  of  the  piece  in  cwts.,  as  the 
68-pr.  of  95  cwts. ;  those  for  firing  shell  by  the  calibre  in  inches  and 
weight  as  before,  e.g.,  the  8-inch  mortar  of  9  cwt.  The  32-pr.,  24-pr., 
and  12-pr.  bronze  howitzers  are  exceptions  to  this  rule,  and  are  distin- 
guished like  shot  guns.  When  there  is  more  than  one  pattern  of  the 
same  calibre  and  weight  some  distinction  should  be  specified ;  for 
instance,  the  32-pr.  of  25  cwt.,  length  6  feet. 

The  length  of  all  pieces,  except  mortars,  is  measured  from  the  muzzle 
to  back  of  base  ring,  and  that  of  a  mortar  from  rear  of  breech  to  face  of 
muzzle  along  axis  of  piece. 

The  weights  as  given  in  the  tables  are  termed  nominal,  because 
there  is  often  a  difference  of  two  or  three  cwts.  in  pieces  of  the  same 
nature. 

Preponderance  expresses  the  statical  pressure  on  the  elevating  screw 
or  coin. 

Windage — ^the  difference  between  the  diameter  of  the  bore  and  the 
diameter  of  the  shot  * — allows  room  for  ramming  home  the  projectile 
when  the  bore  is  foul,  <Sbc.  In  old  guns  the  windage  is  T^th  the  diameter 
of  the  shot ;  but  in  those  of  more  modern  date  it  is  much  less,  being 
only  •  1  inch  in  field  guns  and  about  *  15  inch  in  heavy  guns.  Windage 
should  be  as  small  as  possible,  for  besides  causing  indentation  of  the 
bore  and  irregularity  of  flight,  a  great  deal  of  the  power  escapes  and  is 
lost.  Li  old  guns  this  loss  was  computed  to  be  equivalent  to  ^rd  or  ^th 
of  the  charge. 

Natures  of  Cast  iron  Ordnance  in  the  Service, 

So  many  different  pieces  had  been  introduced  into  the  service  up  to 
1864  that  our  armament  then  embraced  a  very  great  variety  of  ordnance. 
In  consequence  we  retained  in  our  fortresses  a  number  of  guns  and  a 
vast  accumulation  of  small  stores  of  an  obsolete  pattern. 

To  remedy  this,  two  lists,  A.  and  B.  (pp.  72,  73,  Tables  I.  and  II.), 
were  made  out  in  January  1864,  showing  the  pieces  to  be  retained  in 
the  service  and  those  which  were  to  be  abolished.  These  lists  continue 
our  official  guide  as  to  S.B.  ordnance  absolutely  in  the  service.  We 
will  now  go  through  the  pieces  mentioned  in  Table  I.  and  remark  on 
their  specialities. 

There  still  remain  some  S.B.  shell  guns  in  our  wooden  ships  and  our 
fortresses.  They  have  only  two  muzzle  mouldings,  while  shot  guns, 
with  certain  exceptions,  have  three. 

The  10-inch  shell  gun  weighs  86  cwt«.  The  muzzle  of  this  gun  being 
too  large  for  the  ports  of  some  ships,  one  of  the  muzzle  mouldings  was 
sometimes  turned  off  in  order  to  obtain  a  larger  angle  of  training.  Guns 
so  treated  are  called  L.M.  (low  muzzle),  in  contradistinction  to  the 
H.M.  (high  muzzle).     The  10-inch  should  never  be  **  double-shotted." 

8-inch  shell  guns  formed  part  of  the  siege  train,  and  were  much  used 
for  flanks  or  of  permanent  works.     Those  of  65  cwt.  are  now  being 


*  Properly  speakine  '*  windage  "  is  the  difference  between  the  sectional  areas  of 
the  projectile  and  the  bore  of  the  gun^. 
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jODYcrted  into  64-pr.  R.M.L.  guns  of  71-cwt.   The  65-cwt  pattern  w  the    CHAP.  III. 

me  moBt  used  in  both  services.     There  are  but  few  of  the  54-cwt.         

>attern  mounted  in  L.S.  batteries,  and  none  of  the  60-cwt. 

The  6S-pr.,  of  112  cwt.,  was  the  heaviest  cast  iron  piece  in  our  Shotguns. 
jervice  ;  of  them  very  few  are  left.     There  are,  however,  many  of  the  68-pr. 
)6-cwt.  guns.     They  were  much  used  as  pivot  guns  and  for  sea  faces  of 
'OTtSj  and  many  have  been  now  converted  into  80-pr.  li.M.L.  guns  L.S. 

42-prs.  are  rare;  a  few  may  yet  be  found  mounted  in  out-of-the-way  42-pr. 
latteries. 

32-pr8.  were  formerly  the  principal  armament  of  all  classes  of  vessels,  32-pr.  of  63, 
md  hence  we  have  several  descriptions  varying  in  length  and  weight.  58,  and  56 
rhe  different  amount  of  windage  allowed  from  time  to  time  has  caused  a  ^^^* 
considerable  diversity  in  their  calibres  and  ranges.     The  63-cwt.  gun  is 
iltogether  for  land  service.      The  58  and  56-cwt.  are  the  patterns  most 
M>nmionly  used  in  both  services.* 

Monk's  A.,  B.,  and  C.  guns  still  exist  in  Woolwich  Arsenal,  and  in  Monk's  A.,  B. , 
Bfooden  ships.     The  A.  pattern  is  sometimes  found  in  garrisons,  as  are  and  C.  guna. 
ilao  the  B.  and  C,  but  much  more  rarely.     The  48  and  50-cwt.  guns  32-pr.  of  48 
ire  issued  indiscriminately,  mounted  on  the  same  carriages,  and  bracketed  ^^^  ^^  ^^**'- 
together  in  returns.     The  48  and  50-cwt.  guns,  as  well  as  those  of  39 
ind  40  cwt.,  are  to  be  found  in  inland  works  principally,  and  have  been 
issued  in  large  quantities  to  volunteers. 

The  32-cwt.  gun  is  a  bored-up  gun.  The  32  and  25- 

The  25-cwt.  gun  is  the  light  32-pr.     It  can  be  distinguished  by  having  cwt.  guns. 
two  muzzle  mouldings. 

24-prs.  are  exclusively  for  land  service,  being  garrison  guns.     The  24-prs.  of  20, 
48-cwt.  has  been  issued  extensively  to  Volunteers.  48,  and  50cwts. 

A  few  18-pr8.,  both  of  the  heavier  natures  and  also  bored-up  guns,  is-prs.  of  42 
may  still  be  found  in  the  flanks  of  large  works.  ^°^  ^®  *^^*s- 

The  three  small  natures  of  cast  iron  guns  are  used  for  saluting  and  12,  9,  and  6  pr. 
drill  purposes. 

Carronades  are  now  to  be  found  in  flanks  of  a  few  works  and  utilised  Carronades. 
for  drill  purposes  (S.S.). 

The  use  of  iron  howitzers  is  limited  to  flanks,  &c.,  where  a  very  short  Iron  howitzers. 
range  is  necessary. 

13  and  10-inch  mortars,  S.S.,  were  originally  intended  for  mortar  Mortars. 
vessels,  but  are  now  only  used  for  coast  defences.     They  have  narrower 
chambers  than  the  L»S.  mortars  of  the  same  calibres,  and  arc  very  much 
heavier. 

Bronze  Ordnance^ 

All  the  natures  of  bronze  S.B.  guns  in  the  service  arc  nearly  alikcj  Bronze 
atid  resemble  in  exterior  appearance  the  earlier  cast  iron  guns.  ordnance* 

By  an  order,  dated  November  1859,  a  dispart  patch  is  to  be  added  to  Guns, 
every  bronze  gun  before  issue. 

The  8.S.  bronze  howitzers  are  similar  in  pattern  to  the  L.S.,  but  the 
24  and  12-pr.  howitzers  have  a  breeching  loop,  and  the  breech  is 
rounded  off,  so  that  the  breeching  rope  may  not  bo  cut  by  the  end  of 
edge  of  the  base  ring. 


♦  The  58  cwt.  is  being  largely  converted,  on  the  Talliser  principle,  into  64-pr. 

•f  Most  of  the  S.B.  bronze  guns  and  howitzers,  until  very  lately  held  in  reserve, 
have  now  been  sold  as  old  metal,  but  some  of  these  pieces  still  exist,  especially  in 
India  and  in  our  possessions  abroad. 

40152.  H 
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Howitzers. 
Mortars. 


The  4^-inch  howitzer  still  remains  in  the  service,  as  well  as  the  3-pr. 
guns  for  colonial  and  mountain  service.  The  howitzer  is  of  exceptional 
construction,  being  very  short  and  having  a  cylindrical  chambei*. 

The  bronze  mortars  may  still  be  useful  in  mountain  warfare  and  in 
the  advanced  trenches  of  an  attack. 


Fireproof. 


Waterproof. 

Marks  on 
guns. 


Inspection,  Proof,  Marking  before  Issue^  Sfc. 

The  following  were  the  tests  applied  in  the  R.G.F.  to  new  cast  iron 
pieces. 

They  were  examined  for  flaws  or  holes,  for  concentricity  of  bore, 
dimensions,  &c. ;  then  two  proof  rounds  were  lire<l  with  a  heavy  charge 
and  generally  one  service  shot,  pressed  home  with  a  junk  wad  or 
wooden  wedges.  The  gun  was  afterwards  proved  by  water  pressure, 
and  finally  examined  with  a  lump  passed  down  the  bore. 

Guns  which  endured  the  tests  were  weighed,  marked,  and  registered. 
On  the  first  reinforce  were  engraved  the  number  by  which  the  gun  is 
registered  in  the  R.G.F.  books,  the  broad  arrow,  the  exact  weight  of 
the  piece  in  cwt.  qrs.  and  lbs.,  and  the  yeai*  of  proof,  thus  : — 

8736 

/K 

52-1-10 
1864 

On  the  left  trunnion  were  already  marked  the  manufacturer's  initials  or 
the  name  of  the  foundry,  the  manufacturing  number,  and  the  year  of 
casting.*  Bronze  ordnance  have  severally  a  register  number  engraved 
in  Boman  letters  on  some  part  of  the  piece,  the  foundry  number  being 
undei'neath,  between  the  trunnions. 


Bushing  or 
venting. 


Venting  or  Bushing, 

Prior  to  issue  a  S.B.  gun  is  vented,  lined  and  sighted. 

Bushing  iron  guns  was  not  the  rule  in  our  service  early  in  this  cen- 
tury, but  in  consequence  of  the  enlargement  of  vent  of  the  unbushed 
guns  used  at  the  sieges  of  1812-13,  experiments  were  earned  out  at 
Woolwich  by  order  of  the  Master  General  of  the  Ordnance  in  1813  as 
to  the  advantages  of  different  bushes.  Copper  bushes  answered  best, 
and  the  Board  of  Ordnance  directed  that  for  the  future  guns  for  bat- 
tering purposes  were  to  be  bushed,  some  witii  h*on  and  some  with 
copper. 

In  1844  it  was  directed  that  wrought  iron  bushes  only  should  be  used,t 
but  in  1855  this  ordei*  again  was  cancelled  and  copper  bushes  have  be«n 
used  since  that  date. 


***  This  8}  stem  of  marking  was  not  introduced  until  1857,  and  old  guns  are  not 
marked  according  to  any  regular  system  ;  in  many  the  weight  is  engraved  under  the 
cascable.  On  bored-up  gims  the  new  weight  and  year  of  boring  up  are  on  the  first 
reinforce.     Carronades  are  marked  near  the  elevating  patch. 

The  Koyal  badge  is  on  the  first  reinforce  of  most  guns  of  all  natures  below  the 
68-pr.,  and  bronze  guns  have  in  addition  the  monogram  of  the  Master  General  of  the 
Ordnance  on  the  chase. 

f  This  was  done  because  it  was  thought  that  a  galvanic  action  was  set  up  between 
the  copper  bush  and  the  iron  gun,  which  caused  their  corrosion.  Experiments  made 
in  1855  proved  that  this  was  not  really  the  case,  and  the  use  of  copper  bushes  was 
therefore  resumed. 
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No  better  material  for  the  purpose  has  yet  oeen  found,  especially    CHAP.  II. 

when  it  is  hardened  by  hammering.     Since  1855  cast  iron  guns  (exr^pt  

9-prs.  and  6-prs.)  have  always  been  bushed  before  issue  but  prior  to 
that  date,  except  for  battering  purposes,  they  were  generally  issued 
unbushed.* 

Bronze  guns  and  howitzers  of  the  present  service  natures  have 
always  been  issued  with  copper  bushes  of  different  sizes  and  descriptions. 
Mortars  are  not  bushed  before  issue,  though  some  of  the  latter  have  been 
so  subsequently. 

When  a  gun  is  to  be  bushed  for  the  first  time,  a  cone  vent  is  invari- 
ably used,  but  should  the  metal  round  the  vent  wear  away  in  a  gun  so 
bushed,  the  couc  vent  will  be  re])laced  by  a  through  one  or  othei^rise 
according  to  the  Regulations  on  that  head,  p.  302. 

The  following  is  the  process  of  venting  a  new  gun :  Throw  the  gun  Process  of 
with  one  trunnion  up  to  a  convenient  working  position,  and  fix  the  venting  cost 
drilling  machine,  jilace  in  the  vent  a  stiff  wire  to  ascertain  the  rake  or  ^^  &^^' 
direction  of  the  vent.     This  will  show  the  position  for  setting  the  brace 
and  drill.    Drill  right  thi-ough  the  metal  with   the  naiTow  set  of  drills, 
(as  guns  have  been  frequently  destroyed  by  false  drilling,  wax  impres- 
sions   should   be    taken   frequently   during    the   process,    to   ascertain 
whether  the  workman  is  drilling  straight,)  and  then  with  a  larger  set 
to  within  an  inch  of  the  bore,  viz.,  to  the  spot  where  the  thread  ends 
(the  thickness  of  metal  may  be  conveniently  found  by  using  a  vent 
scraper).     Next  finish  the  cone  with  the  drill  for  the  purpose. 

Remove  the  drilling  machine  and  turn  over  the  gun  to  pi*epare  for 
tapping.  In  this  case  the  seven-thread  taps  are  always  to  be  used.  Tap- 
ping is  a  long  and  tedious  process,  requiring  much  cai'e  and  skill  ;  it  is 
impossible  to  pass  the  first  tap  through,  and  then  the  second,  and  so  on, 
but  the  thread  must  be  brought  to  the  right  size  gradually.f 

Where  the  thread  ends  there  is  usually  a  little  metal  thrown  up 
which  would  prevent  the  copper  bush  from  being  screwed  down  pro- 
perly, this  burr  must  be  removed  with  a  conical  rimer. 

The  hole  in  the  gun  is  next  cleaned  with  tow,  and  the  copper  vent, 
weU  oiled,  is  screwed  in.  The  head  should  not  be  wrenched  off  as  a 
fracture  might  occur  below  the  surface  of  the  metal  of  the  gun. 

The  bush  when  properly  fixed  "will  project  about  a  quarter  of  an  inch 
into  the  bore,  and  about  two  inches  above  the  surface  of  the  gun. 

Take  an  impression  of  the  pai't  in  the  bore  with  a  mixture  of :  Waz  compo- 

Bees-wax        -        -     2  paits^  "*'<'°- 

Soft  soap  -         -     I     ,,      > Boiled  together. 

Treacle  -         -         -     1     „     J 

This  will  show  whether  the  cone  is  well  home,  or  whether  there  is  a 
space  lefl  between  the  copper  and  iron. 

If  the  bush  is  home  proceed  to  cut  off*  the  end  in  the  bore.  The 
instrument  employed  consists  of  a  cutting  tool  supported  by  a  metal 
head  at  the  end  of  a  long  bar ;  the  bar  is  kept  in  the  axis  of  the  bore 
by  passing  through  a  collar  fitting  into  the  muzzle,  it  is  worked  from  side 
to  side  by  two  levers  being  fed  up  by  a  small  screw  at  the  end  of  the 
frame ;  the  spiral  spring  against  the  muzzle  collar  makes  the  knife  work 
Regularly.     Care  must  be  taken  not  to  cut  into  the  iron  of  the  gun.    It 


♦  Oat  of  367  pieces  returned  from  service  during  the  Crimean  war,  256  had  not 
been  bashed  at  all,  107  had  been  bushed  with  iron,  and  four  only  were  copper  vented. 
— Proceedings,  0,S.C,,  Vol.  I.,  page  364. 

I  It  takes  t^vo  men  four  or  five  hours  to  tap  a  gun. 

£  2 
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CHAP.  IIL    is  probftble  thni  the  end  of  the  bash  will  not  be  cat  off  quite  flash  »t  first, 

so  another  impresdon  is  taken,  and  if  necessarTy  the  knife  most  be  fed 

out  with  a  fimall  piece  of  tin,  and  the  process  repeated  as  it  is  necessary 
that  the  copper  and  iron  in  the  bore  should  be  perfectly  flash  with  each 
other.  When  this  has  been  completed  satisfactorily,  remove  that  por- 
tion of  the  vent  projecting  above  Uie  sarfaoc  of  the  gan  bj  sawing  it  off 
aboot  a  quarter  of  an  inch  above  the  vent  patch  ;  chip  a  little  copper 
away  from  the  mouth  of  the  vent  to  prevent  it  becoming  choked  when 
hammered  chisel  it  also  at  the  edges,  then  hammer  it  well,  chisel  it  off 
flush  and  open  the  mouth  of  the  vent,  then  pass  the  set  of  rimers  down 
one  after  the  other  and  gange,  and  if  the  gan  is  for  S.S.«  rime  ont  the 
mouth  of  the  vent  tapering  it  from  -28''  at  the  top  to  '22"  in  a  length 
of  1  inch.  File  the  surface,  take  another  wax  impression  of  the  inside, 
and  if  all  is  right  the  ofieration  is  finished. 

Mariu  to  Cast  iron  ordnance  are  also  marked  over  the  cascable  according  to  the 

§how  natare      nature  of  vent  they  have, 
of  vent. 

C  Vj 

N  >  means  copi)er  vent,  new  gun,  cone. 

cj 

C  VI  . 

^,  >  indicates  a  cone  vent,  not  new  (gun). 

C  V  „         a  "  through  "  vent. 

The  initial  of  the  out  station  at  which  a  gun  is  rc-vcuted  is  added 
underneath. 

IV     on  cascable  means  **  iron  vent."* 


Lining, 

Liiibg.  The  line  of  metal  f  is  obtained  as  follows : — 

The  gun  being  levelled  across  the  trunnions,  a  wood  batten  is  placed 
in  the  bore,  so  as  to  project  some  distance  from  the  muzzle.  This 
batten  is  painted  white  on  the  upper  surface,  and  bisected  by  a  pencil 
line. 

The  upper  surface  is  levelled  transversely,  and  a  T  square  being 
])laced  upon  it,  the  position  of  the  pencil  line  is  squai-ed  up  against  the 
muzzle  of  the  gun. 

A  wood  straight-edge  is  placed  on  the  top  of  the  gun  against  the 
T  wjuare,  and  the  edge  of  this  straight-edge  and  the  centre  line  of  the 
batten  arc  brought  into  the  same  vertical  plane  by  aid  of  the  eye.  The 
line  thus  obtained  is  slighly  marked  on  the  swell  of  the  muzzle,  and 
Line  of  metal,  also,  on  the  base  ring.  The  T  square  is  reversed,  and  the  same  opera- 
tion gone  tlirough  on  the  other  side  ;  if  there  is  any  error  there  will  be 
two  lines,  and  the  mean  is  taken  as  the  true  one.  The  line  of  metal 
thus  obtained  is  then  cut  permanently  on  the  breech  and  muzzle. 


k 


CV 
*  Old  guns  may  also  be  found  marked    N    "  copper  vent ;  new ;  long  cone  :  and 

LC 
TV  '*  through  vent." 

t  This  is  a  line  extending  from  the  base  ring  to  the  swell  of  the  muzzle,  and  repre- 
sents the  intersection  of  the  surface  of  the  metal  by  the  vertical  plane  passing 
tlirough  the  axis  of  the  piece,  when  the  trunnions  are  horiiontal ;  it  is  marked 
on  breech  and  muzzle. 
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The  quarter-sight  lines  are  next  marked  on  both  sides  of  the  gun,  at    CHAP.  III. 
the  breech  and  muzzle ;  they  are  parallel  to  the  axis  of  the  piece,  but  a 
little  above  it,  so  bs  to  clear  the  trunnions  and  cap-squares  when  laying  ^  ^.  , 

^^egun.  ,Y^,    """ 

The  line  of  horizontal  axis  is  then  cat  on  the  breech,  trunnion,  and  Line  of  hori- 
muzzle,  on  the  right  side  of  the  gun.     To  obtain  this  line  the  gun  is  ^^"^^  ^'^ 
turned  with  the  right  trunnion  vertical,  and  a  similar  process  is  repeated 
to  that  employed  for  finding  the  lino  of  metal. 

Upon  the  right  trunnion  the  line  of  horizontal  axis  is  bisected,  and  a  Vertical  line, 
line  drawn  at  right  angles  to  it. 

Before  the  introduction  of  Greneral  Millar's  sij^hts,  all  cast  iron  ffuns  Quarter-sight 
were  laid  by  means  of  a  quarter-sight  scale  from  0  to  3°  marked  on  the  ^^*'^- 
base  ring  on  each  side  of  the  gun,  starting  from  the  horizontal  line  at 
zero.     Such  scales  are  now  marked  only  on  L.S.  guns  up  to  32-pr. 
inclusive. 

Sights. 

The  sights  now  used  with  cast  iron  ordnance*  are  Millai*'s  sights.  Millar's  Bighti« 
These  consist  of  a  fore  or  dispart  sight  of  gun  metal  screwed  on  to  the 
gun  in  rear  of  the  trunnions,  on  what  is  termed  the  second  reinforce, 
and  of  a  half-round  brass  tangent  scale  f  sliding  in  a  gun  metal  block, 
which  is  secured  to  the  breech  of  the  gun  by  two  screws. 

Pieces  of  sheet  lead  are  placed  between  the  foresight  and   the  gun 
metal  block  of  hindsight  and  the  gun,  (o  assist  in  adjusting  the  sight 
accurately,  and  also  to  prevent  the  heads  of  the  screws  being  broken 
off.     In  order  to  clear  the  breech  of  the  gun,  the  scale  of  the  hindsight  Angle  of  sight, 
is  at  an  angle  of  76^  and  not  perpendicular. 

The  mode  of  adjusting  Millar's  sights  is  given  in  Chapter  XII. 

The  distance  between  these  sights  is  termed  the  *'  short  ra^lius,"  and  Short  radius, 
is  given  in  Table  V.  for  each  nature  of  gun. 

We  find  that  at  a  certain  point  when  elevating  by  these  sights  the 
muzzle  of  the  gun  begins  to  interfere  with  the  line  of  sight,  and  it  is 
necessary  to  use  the   muzzle  notch  as   the  foresight,  and   to  employ 
another  hindsight  graduated  for  the  *'  long  radius,"f  as  the  distance  Long  radius. 
between  the  back  of  the  hindsight  and  the  notch  on  the  muzzle  is  termed. 
For  L.S.,  this  other  tangent  scale  is  made  of  walnut  wood,  and  called 
wood  tangent  scale  ;  it  is  graduated  therefore  from  the  clearance  angle  Wood  tangent 
up  to  the  extreme  elevation  (10^  or  so),  the  divisions  being  calculated  scale  for  L.S. 
to  the  long  radius  as  the  gun  must  be  laid  by  the  muzzle  notch.     It  has  Clearance 
also  a  degree  scale  from  zero  to  the  clearance  angle,  the  same  as  that  on  angle. 
the  brass  tangent  scale,  and  there  is  a  yard  scale  from  pointblauk  to 
extreme  range. 

At  the  back  of  the  scale  is  a  brass  staple  which  fits  on  the  head  of 
the  brass  scale  when  fully  elevated,  and  at  the  bottom  is  a  brass  plate 
shaped  so  as  to  sit  steadily  on  the  hindsight  block. 


*  Iron  howitzers  excepted,  which  are  sighted  in  a  similar  manner  to  bronze  guns. 

f  For  S.S.  this  scale  is  hexagonal,  and  made  of  gun  metal. 

X  The  clearance  angle  is  the  angle  of  elevation  obtained  when  the  tangent  sight  is 
raised,  so  that  the  bottom  of  its  notch,  the  top  of  the  foresight,  and  the  bottom  of 
notch  on  muzzle  are  in  line.  It  is  the  highest  angle  marked  on  the  brass  tangent 
sight,  for  if  more  elevation  be  given  the  muzzle  would  interfere  with  the  line  of 
sight 

Clearance  angles,  and  the  radii  for  the  several  natures,  are  given  in  Table  V. 
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Table  §howing  the 'ttVights,  Lrngdia,  Cnliliros,  Railii  for  Sighling.  &c.,  of  the 
Cast  Iron  an<j  BiiONZE  Okunanck,  which,  nccording  to  llio  O.S.C,  List  A. 
are  to  be  retainkd  m  the  Service. 


Nomi- 

»„„. 

^     1       K.dLi. 

Clear- 

„hom  n.>d 

Mature  uid  Berrlw. 

nkl 

whTn'inti^ 

Rvmarkii. 

WeteUt. 

Cwt. 

M 

U^Bth. 
H.  In. 

3    ,Bh«, 

11*"m2 

ducoJ. 
Siind«,lSM. 

■lO-in.L.B.48.8.     . 

In 

In*. 

MO 

Two  pntlcma. 

. 

filLH 

S-iD.LJ.lB.S.     1 

0 

31 

Uili>r.  18)+. 

10 

iio;2ia 

Milliw,  IWI. 

■Mil 

WunduN,  W». 

"^rtfA  : 

Hi- 

«,*12 

m-4 

Dirndl ».  IMI. 

S6 

(W-» 

ia;l 

DundM.  18«0. 

4tpr.L.B.only       f 

fl7* 

'« 

II -I 

118  0 

J' 

Dundiu. 

»pr. 

SA  : 

■?''■ 

« 

Millar. 

Dundu,  18*7. 

n-tl 

t 

BlonMArld. 

!:8:  *  B.8\  A 

W 

wt-is 

Uonk,  1838. 

,.8.4S.B..Il 

u 

Monk.  1SS8. 

^8.  ft  8.8.,  C 

Honk.  18-W. 

LB.  only     - 

Mtno 

Of 

.WO 

fit 

iar.ADioliiion 

„      l.8.0nlj      . 

«i 

(i\ 

.i-3.'^ 

«p.l 

Ml 

' 

BomlnpinlMO.IromM- 
pr.  of  IS  cwt. 

„      L.aon1y      - 

30 

«t 

s-3;i 

l^t  u 

80-S 

1 

Blumtncld      - 

Boiml  up  in  1MS(^  from  M- 
1.r.ot«cwt. 

i 

.,      L.8ABJi.     ■ 

St 

u-.-i 

;in-ii 

js-0 

6t 

BloDieOeld      ■ 

Biir«l  up  ill  I8S0.  (Tom  21- 
h£i''  onH    iWo    munle 

a 

.      KS.A8S.    - 

Dundu,  184E. 

1 

Bluinoflcd. 

U-pr.  L.8.  only    -1 

Blomcflf  d. 

i 

20 

TO;ts 

BlomFflc  d      ■ 

Bored  op  fromli-pr.JStwl . 

lH*.tA«.Dr     .{ 

M 

ri'-ri-mii 

M-J8 

; 

|=S!:  . 

.      8.8.  drill     -j 

TO -78 

Rored  up  firanl  J.pr.i&wt. 

30;o 

Di^»™l 

Bored  upfroinS-pr..l7rwt. 

■iias 

BlODIFllcld. 

IS-pr.         -           -) 

SI 

48 -S 

lOi'is 

j 

Blomoni'ld     ■ 
BlumrfipM. 

Pot  drill  and  saluliug. 

frpr.        .         -{ 

Blomcllei.!      ■ 

FoTMlulinr. 

6.pr.         . 

n 

TS-(I 

4t 

Blometlvld     - 

For  drill  or  alulin;. 

M 

n'la 

■J 

c^.|| 

17 

am 
a- IS 

as'O 
JO:; 

E 

z 

4S 

J 

ft;ll 

«'0 

- 

Millar,  18S£. 

IS-ln  H.8.  ) 

100 

W-d 

O.H.orBlomend. 

«-      .^inLS? 

l;i; 

z 

z 

Millar. 

•»"■    lO-in.  8.S.- 

1 1»-iii.  L.S.. 

Millnr. 

Mjilar. 

nt-pT.h.B.'- 

+-ias 

j   ».pr.L.8.- 

QuTu.-l  e-pi.L.S.- 

S.pr.L.8.{ 

ill 

"'■■ji 

r 

47  ;M 

7. 

Vpr.LA- 

nnriJn'..1910. 

a 
i 

M-pr.L.8.- 

Millar. 

How     »-pr.8.H.- 

Milmr. 

itipra.    li-|n-.I,.H.. 

4S0 

Uillxir. 

n 

l«-jir.  U.S.  - 

«;o 

Millar. 

«l.ln.I..S-. 

St 

ai-hortt. 

Hor-    <SUn.  L.S.- 

ij 

3         S'*L' 

17«:                     Rojal. 

l*i-i..-L.s.- 

' 

I'sa 

'" 

- 

- 

17*1. 

toehorn. 

ilj       W  ' 
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TAitLE  Vr* 

List  (B.)  of  Cast  Juon  aud  Bromze  Ouhkanob  to  he  Abolished,  but 
whiRl)  d('t>  to  be  retained  on  the  Work^,  it'  thvy  are  Diou»t«d  nt  taiy 
Hiation,  until  replaced  by  other  pieces,  which  will  be  done  when  the 
ciirrli^es  uic  worn  out,  if  not  Boouer.  (See  par,  I, HO  {Changes  in 
paltfmg),  litt  Januai'3'  1866)< 


Xalure 

wHgh'r' 

L«lglh. 

Rcmlrka. 

C«tK. 

ft.     ill. 

f 

K4 

9     4 

Millar. 

10-i[ich    - 

■      •{ 

62 

8     4 
7     6 

Miliar.  1  Only    n    few    were 
\     rnadi^  for  experi- 
Millar.J      mcni. 

S-inch    - 

;      ■_{ 

t59 

9     II 
6     9 

Millar. 
Millar. 

6B.pr.      . 

8H 

DondM, 

I 

197 

11      0 

Monk. 

66-pr.      - 

■i 

t87 

Monk. 

42-pr.        - 

75 
4G 

1(1     0 

MoDk.     Barel)iiiet«ill.. 
Bored  up! 

31!-pr.       - 

37 

7     1-, 

Bored  op. 

as 

G     0 

Bored  dp. 

1 

8,S. 

Dickson. 

a 

4,1 

8     0 

lUomefield. 

1 

41 

Congrcve. 

2i^.       . 

1 

38 

7      6 

ConftreTe. 

33 

G     G 

Jllomefield. 

40 

9  !! 

Dickson. 
Blomefield. 

32 

G   10 

Rlomelletd. 

1 

2a 

29 

6     0 

Blomefield. 

1 2-pr.      - 

- 

22 

6     0 

BoTL'dup  from  9-pr. 

9-pr.      - 

2f, 

23 

122 
21 

S     G 
8     0 

.  fl-pr.      - 

19  or  20 

18 

G     6 

11 

4  10 

f  18-pr. 

tio 

:l     4 

a 

"Cwrouaiies 

-\  12-pr. 

t  c 

1 

1    e-pr. 

2     9 

Howitzer,  a4-pr.  or  5*"     - 

tl6 

3     4 

lias  n  cyliadrlcNl  clmraT>er. 

1      5 

U 

[MortMS  8" 

I  "■  -{ 

9 

1    10 

•  Tliif-  list  IS  ti.isf.  I  on  the  rarily  or  inliTiorily  of  the  pieces  it  contain!". 
t  TlK'SL'pi.jiv-.  are  to  he  found  ID  the  vocabulary  oCstoreRpablishcdhythcdrdnnnce 
Store  Department,  because  they  still  exist  in  t|- 
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CHAP.  IV. 


CHAPTER  IV. 


BRIEF  HISTORY  OF  THE  RIFLED  ORDNANCE 

IN  THE  BRITISH  SERVICE. 


Weoeftflity  for  Rilled  Ordnance. — Why  rifled  guns  were  not  earlier  employed. — 
Principal  inventions  with  rifled  pieces,  1615  to  1851. — Lancaster  guns. — Krupp 
guns. — Comparative  accuracy  of  S.B.  and  rifled  pieces. — Experiments  as  to 
strengthening  existing  S.B.  ordnance. — Armstrong  and  Whitworth  systems. — 
Armstrong  Byitem  adopted  1859. — 64-prs.  M.L.  introduced. — Armstrong 
and  Whitworth  Committee,  18G3. — R.M.L.  v,  R.B.L.  guns. — Advantages  in 
favour  of  R.M.L. — Manufacture  of  guns  for  India,  1868. — Bronze  ordnance 
discontinued. — Special  Committee  of  1870. — Wrought  iron  M.L.  gim  with  steel 
tuhe  recommended. — Comparative  value  of.  English  and  foreign  field  guns 
1860-61. — Abolition  of  tlie  B.Xi.  Byetem. — Introduction  of  ^LMiJLm  9-prs. 
and  121-prsM  1870.— French  modified  system. — 16-pr.  M.L. — Comparative 
trial  of  British  and  Foreign  guns,  1872. — French  trials. — 25-pr.  R.M.L. — 
Okehampton  experiments,  1875. — New  armaments  of  Germany,  France. — 
Comparative  Value  of  English  and  Foreign  Field  guns,  1876. — Bxperlmental 
12-prs.,  1876. — Mountain  and  boat  guns. — Guns  of  position  and  siege  pieces. 
— Guns  for  secondary  purposes  of  defence. — Heavy  guns. — 80-ton  gun  introduced, 
1876. — Its  projectile,  charge,  velocity,  and  penetrative  power. — Resum^  as  to  our 
service  rifled  ordnance. 


Necessity  for 
rifled  ordnance, 
1855. 


Why  rifled 
guns  were  not 
produced 
earlier. 


The  general  adoption  of  rifled  pmall  arms,  about  1855,*  necessitated  the 
introduction  of  rifled  ordnance,  in  order  that  Artillery  might  still  retain 
its  superiority  over  Infantry,  and  remain  as  before  the  principal  arm 
in  the  field,  which  certainly  would  not  be  the  case  if  an  enemy's 
skirmishers  liad  the  power  of  placing  a  battery  /tors  de  combat  before 
its  too  short-ranged  guns  could  be  brought  into  action  with  effect  upon 
the  advancing  column s.f 

To  supply  this  great  want  in  warfai'e,  involved  a  complete  refor- 
mation in  the  architecture  of  Artillery,  which  had  been  almost  at  a 
standstill  since  the  time  of  the  Tudors,  lor  although  modifications  Lad 
been  occasionally  made  in  the  manufacture  of  ordnance,  the  general 
principles  of  construction  remained  unaltered.  Anyone  who  examines 
the  old  guns  in  the  Tower  of  Loudon,  or  in  the  Museum  of  Artillery 
at  Woolwich,  may  see  that  they  are  of  the  same  genus  as  modem 
smooth-bores,  and  even  notice  some  specimens  quite  as  soundly  and  as 
artistically  cast  as  any  of  those  of  the  present  century,  nay  more,  he 
may  infer  that  our  modern  cast  guns  can  scarcely  be  superior  to  their 
prototypes  in  range-power,  or  susceptibility  to  rifling. 

It  is,  however,  worthy  of  note,  that  this  stagnation  in  the  construction 
of  ordnance  was  not  to  be  attributed  to  ignorance  of  the  theories  of 
gunnery,  but  to  the  backward  state  of  metallurgy  and  mechanism,  for 
professional  as  well  as  amateur  artillerists  have  even  at  remote  periods 


*  Rifled  small  arms  were  adopted  by  the  French  in  1846,  and  the  Prussians  armed 
their  infantry  with  the  well-known  B.L.  needle-gun  in  1848.  We  ourselves  intro- 
duced the  Mini^  into  the  service  in  1851,  and  the  Enfield  in  1855. 

f  At  an  experiment  which  took  place  at  Uythein  1857,  80  infantry  soldiers,  armed 
with  Enfield  rifles,  picked  ofi"  in  three  minutes  the  men  and  horses  of  a  dummy  gun 
detachment  800  yards  distant. 
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nntlerstockl  the  value  of  rifled  guns,  but  their    endeavours  to   obtain    CHAP.  IV. 

them  were  rendered  abortive  by  the  want  of  suitable  materials  and  

proper  machinery.* 


*  The  following  is  a  list  of  the  principal  home  and  foreign  inreutors  and  inventions  Principal 
up  to  1858,  as  given  by  Major  Stoney  and  Capt.  Jones,  R.A.  inventions 

The  names  of  the  English  inventors  were  selected  out  of  nearly  200  whose  with  rifled 
proposals  are  described  in  **  MS.  notes  on  the  various  designs  for  elongated  pro-  pieces  from 
'*  jectiles  for  smooth-bore  and  rifled  guns,  which  have  been  from  time  to  time  con-  i615  to  1851. 
"  sidered  by  the  Ordnance  Select  Committee  down  to  1 858,"  compiled  from  the 
records  of  the  Committee  by  Lieut.-Colonel  (now  Major- General)  A.  G.  Barrows, 
Royal  Artiller}'. 

For  the  foreign  inventors  an  able  paper  by  Captain  R.  A.  Scott,  R.N.,  published 
in  2l8t  number  of  Vol.  VI.  **  Journal  of  the  Royal  United  Service  Institution,'' 
wa.^  utilized:  — 

In  the  Arsenal  of  St.  Petersburg  is  a  gun'  2$  inches  in  diameter  and  62  inches  in 
length  of  bore,  which  was  rifled  in  nine  grooves  in  1615. 

In  1661,  the  lYussians  experimented  at  Berlin  with  a  gun  rifled  with  13  shallow 
grooves. 

In  1696,  the  elliptical  bore  was  known  and  had  been  tried  in  various  parts  of 
Germany. 

In  1745,  the  date  at  which  Robins  was  experimenting  in  England,  the  Swiss 
already  possessed  small  rifled  pieces. 

1746.  Munich  had  a  rifled  breech-loader  made,  and  T.  Senner  was  engaged  in 
rifling  various  guns. 

1774.  Experiments  with  elongated  projectiles  fired  from  a  6-pr.  S.B.  gun  were 
carried  on  at  Woolwich  by  the  "  Military  Society."  (This  Committee  existed  pre- 
vious to  the  formation  of  the  *<  Board  of  OfScers  **  which  was  succeeded  by  the 
Ordnance  Select  Conunittee.) 

1776.  Dr.  Pollok  proposed  elongated  shot  for  smooth-bore  pieces. 

1 790.  Mr.  Wiggin  made  designs  of  a  rifled  gun  and  belted  projectiles. 

1803-1806.  Proposals  by  Messrs.  Davies,  Barlow,  Spencer,  Eckhart,  &c.  were  con- 
sidered by  the  Board  of  Officers. 

1816-1819.  M.  Fonchara,  a  distinguished  French  Artillery  officer,  was  making 
various  experiments  with  an  old  gun  which  he  had  rifled  with  13  grooves. 

1820.  Captain  Cullen,  R.M.  Artillery,  proposed  cylindrical  sheUs  filled  with  bullets 
vrithout  any  bursting  charge. 

1821.  Lieut.  Croly,  h.p.  Slst  Regiment,  proposed  B.L.  cannon  and  lead-coaled 
projectiles. 

1823-32.  Lieut.  Norton  proposed  explosive  shells,  and  a  rifled  gun. 

1826.  Experiments  were  with  some  cylindro-conical  percussion  shells,  designed  by 
Lieut.-Colonel  Miller,  of  the  Rifle  Brigade. 

1 833.  AL  Montigny  of  Brussels  invented  n  breech-loading  rifled  piece. 

1842.  Colonel  Treullie  de  Beaulieu  first  presented  to  the  French  Government  his 
plan  for  riding  M.L.  guns,  with  a  few  large  grooves  for  studded  projectiles,  which  was 
afterwards  adopted  in  a  modified  form,  and  is  now  known  as  the  French  system. 

1845.  Major  Cavalli,  a  Sardinian  officer,  invented  a  breech-loader  (submitted  to 
Ordnance  Select  Committee,  1850),  rifled  with  two  grooves  for  a  ribbed  shot  ;  his 
guns  were  used  at  the  Siege  of  Gaeta  in  1860. 

1846.  The  Swedish  Baron  Wahrendorf  proposed  the  system  of  using  lead-coated 
projectiles  with  shallow  grooved  breech-loaders.  He  also  tried  the  Cavalli  projectile, 
and  rifling  with  guns  closed  at  the  breech  oil  his  own  plan,  whilst  Lieut.  Engstroem 
of  the  Swedish  Navy  affixed  hard  wood  bearings  or  buttons  to  an  iron  projectile. 
Wahrendorf*8  and  £ngstroem*s  designs  were  submitted  to  the  Ordnance  Select 
Committee  in  1855. 

1852.  H.R.H.  Prince  Albert  propose<l  a  concussion  shell,  Lord  Clarence  Paget  a 
rifled  projectile,  Lieut-Colonel  Stevens,  R.M.  Artillery,  a  plan  for  rifling  13-inch  sea 
service  mortars ;  Mr.  Mallet  an  improved  form  for  rifling  cannon  shot  and  shell. 

In  1853  proposals  were  submitted  to  the  Ordnance  Select  Committee  by  Lieut- 
Colonel  Grant,  Captain  Norton,  Captain  Jodrell  Leigh,  Signor  Verga,  &c.,  &c.,  &c. 

In  1 854,  by  Major  Parlby,  Mr.  Lancaster,  Admiral  Duff,  Quartermaster-Seijeant 
Macbay,  R.A.,  Major  Parsons,  Major  the  Hon.  W.  Fitzmauricc,  Major  Vandeleur, 
B.A.,  LordW.  Fitzroy,  Mr.  G.  Nasmyth,  Captain  Anson,  R. A.,  Mr.  Haddan,  Mr 
(now  Sir  W.)  Armstrong,  Mr.  Alfred  Jeffery,  &c.,  &c.,  &c. 

1855.  Captain  Blakeley,  R.A.,  patented  his  method  of  forming  guns  of  an  internal 
tube  with  cast  iron  or  sted  rings  heated  and  shrunk  over  it,  and  Six  J;  Woodford, 
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CHAP.  IV.        Such  then  being  the  state  of  the  case  "it  was  indeed  fortunate  for  the 

ascendancy  of  Artillery  that,  owing  to  the  progress  of  civil  engineering, 

the  requisite  improvement  in  metallurgy  and  in  mechanical  appliances 
should  have  opportunely  taken  place  iu  recent  years.  It  is  only  of  late 
that  the  manufacture  of  cast  steel  as  a  material  for  rifled  ordnance  has 
made  rapid  progress,  whilst  the  difficulties  which  used  to  attend  the 
forging  of  wrought  iron  in  large  masses  were  so  great,  that  a  heavy 
anchor  was  one  of  the  greatest  achievements  of  the  forge-master  until 
the  compai'ativeiy  recent  introduction  of  steam  hammers  enabled  him 
to  forge  our  modern  monster  guns ;  and,  thanks  to  the  able  mechanicians 
of  the  day,  we  now  have  rifling  machines  so  perfect  and  easily  manipu- 
lated, that  the  operator  could  if  he  pleased  engrave  his  name  in  the  bore 
of  a  gun,  and  withal  so  accurate  is  their  action  that  they  work  true 
to  less  than  -n/xriT^  ^^  ^"  inch,  a  dimension  which  can  now  be  easily 
measured  by  means  of  a  Whitworth's  micrometer,  though  fifty  times  too 
minute  to  be  ascertained  by  the  primitive  measunng  instruments  of  the 
last  generation  of  mechanics. 
Lancaster  guns  There  is  still  a  great  deal  to  learn  about  the  construction  of 
used  in  1854.      ordnance,  but  our  knowledge  of  it  has  much  increased  since  first  the 

necessity  for  rifled  guns  arose.  The  tendency  then  was  to  utilise  the 
stock  in  hand,  faute  de  mieux,  and  when  hostilities  broke  out  with 
Russia  in  1854,  some  8-inch  and  68-pr.  cast  iron  guns  were  oval  bored 
on  Mr.  Lancaster's  plan  and  sent,  by  way  of  experiment,  to  the  siege 
of  Sebastopol,  but  they  turned  out  a  failure,  as  in  most  cases  the 
straight  sided  projectile  then  used  jammed  in  the  spiral  bore  and 
ruptured  the  chase. 

Introduction  of  Rifled  Field  Guns. 

Steps  taken  by  In  the  lull  which  succeeded  the  Crimean  campaign.  Napoleon  III. 
the  continental  turned  his  attention  to  the  rifled  artillery  problem,  and  came  to  the 
powers.  conclusion  that  the  readiest  mode  of  solving  it  would  be  to  rifle  his 

bronze  field  guns  on  Colonel  Treuiile  de  Beaulieu's  plan,  and  at  the 

battles  of  Magenta  and  Solferino^  in  1869,  some  of  these  rifled  field 

batteries  were  used  by  the  French  with  great  effect. 

Rideil  gunn  About  this  date  (1869)  all  the   great  powers,  anxious  to  provide 

used  by  France  themselves  with  rifled  field   armaments,  tried  various  systems,  both  of 

in  1859.  ^.Jj.  and  M.L.  guns,  and  the  example  of  France  in  utilizing  her  S.B. 

brouze  guns  for  the  manufacture  of  rifled  field  pieces  was  sooner  or  later 
followed  by  all  the  Continental  Powers,  Prussia  excepted;  England, 
however,  used  other  materials,  while  the  Northern  Kingdoms  of  Den- 
mark, Sweden,  and  Norway  retained  cast  iron. 

Prior  to  the  advent  of  rifled  guns,  it  had  been  frequently  proposed  in 


Captain  Fowke,  R.E.,  Messrs.  Goddard,  B.  Britten,  Underwood,  Skelton,  &c.,  and 
the  Revs.  J.  Bramball  and  R.  Potter,  brought  forward  various  designs. 

1856.  General  Timmerhans  of  the  Belgian  Artillery  invented  a  wad  which  by  taking 
the  rifle  grooves  gave  rotation  to  the  elongated  shot. 

1857.  Mr.  (now  Sir  Joseph)  Whitworth  submitted  his  system  of  ordnance. 

In  short,  it  appears  from  the  records  of  the  Ordnance  Select  Committee  that  up  to 
1855  experiments  had  been  made  with  rifled  gans  and  projectiles  for  half  a  century  in 
this  country,  but  without  any  satisfactory  result.  'ITie  projectiles  tried  were  very 
numerous,  most  of  them  were  intended  to  be  fired  from  S.B.  pieces,  the  necessary 
rotation  being  obtained  cither  by  the  action  of  the  gas  in  the  gun,  or  of  the  air,  on 
the  peculiar  shape  of  the  shot. 

liie  remainder  were  genemlly  fired  from  special  cast  iron  9-pr8.  rifled  with  four 
grooves,  making  a  quarter  turn  in  the  bore.  Specimens  of  those  experimental  projec- 
tiles are  presetved  in  the  Royal  Arsenal ;  officers  desirous  of  inventing  a  new  shot 
or  shell  are  recommended  to  examine  previously  this  heterogeneous  coUeetion. 
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Prussia  to  employ  a  lighter  and  stronger  metal  than  bronze  for  field  guns,    CHAP.  IV. 

in  order  to  increase  their  mobility.   Between  1844  and  1855  several  stoel  

8.B.  field  pi^es  were  manufactured  for  trial,  both  at  Bochum  and  also 

by  Messrs.  Krupp,  at  Essen,  and  on  account  of  the  good  results  given 

by  these  guns,  an  experimental  committee  actually  prepared  designs  in  S.B.  steel  guns 

1857  for  a  service  S.B.  steel  gun  of  12  centimetre  calibre,  and  to  fire  ^  Messrs. 

charges  of  between  3^  and  4^  lbs.  ^""PP  '''^^^^' 

When,  therefore,  it  became  evident  that  rified  guns  must  take  the  Smooth  bores 
place  of  smooth-bores,  and  that  a  new  armament  had  to  be  provided,  replaced  in 
Prussia  was  naturally  ready  to  adopt  for  that  armament  a  metal  which  ^"f**^i^ 
had  been  proved,  even  for  the  old  guns,  to  l>e  better  than  bronze.     The  ^  j^g^* 
enterprising  firm  of  Krupp  completed  in  1856  a  9*^  (3'2-inch)  rifled  B.L. 
steel  gun,  according  to  the  designs  of  an  artillery  committee,  which  was 
considered  so  satisfactory,  that  in  1859  steel  was  definitely  adopted  by  the 
Prussian  authorities  as  the  material  to  be  used  for  the  new  field  guns ; 
this  materia],  as  well  as  the  B.L.  construction,  on  one  system  or  another, 
has  ever  since  been  employed  by  this  Power,*  with  partial  exceptions. 

In  England  bronze  was  not  considered  of  adequate  strCngth,  and  the  Inadequate 
distinguished  engineer.  Sir  W.  Armstrong,  having  constructe<l  a  rifled  strength  of 
gun  of  wrought  iron  as  early  as  1854,  and  having  matured  a  satisfactory  °^^^^' 
method  of  manufacture  of  B.L.  guns,  his  system  was  adopted  to  satisfy 
the  imminent  necessity  that  existed  for  an  immediate  supply  of  rifled 
field  pieces.     His  earlier  guns  were  made  entirely  of  wrought  iron,  but  Sir  W.  Arm- 
many  of  the  later  Armstrong  field  guns  have  steel  barrels.|  strong's  gun. 

Before  adopting  this  system  our  own  authorities  carried  on  careful  Experiment* 
and  extensive  experiments  with  wrought  iron  rifled  B.L.  guns,  con-  ^^  the  same 
Btructed  by  Mr.  (now  Sir  W.)  Armstrong,  whose  system  was  brought 
to  official  notice  in  1854,  when  a  few  guns  were  ordered  for  trial. 

The  first  of  these,  a  3-pr.  was  delivered  in  July  1855,  and    reported  ^'^'^'^'fl' 
on  favourably  by  the  Ordnance  Select  Committee,  who  desired  to  make  ^^^^^^ 
further  experiments. 

A  5-pr.  and  18-pr.  on  Sir  W.  Armstrong's  system  were  subsequently  5-pr.  and  18-pr. 
tested  at  Newcastle  and  Shoeburyness  respectively,  and  gave  very  good  ^^'  ^°* 
results,  showing  that    they  exceeded  existing  S.B.  pieces  of    similar 
calibre  in  strength,  power,  and  precision  ;  thus,  whilst  the  12-pr.  B.L. 
gun  could  put  one  shot  out  of  every  two  fired  into  a  rectangular  space  Comparative 
22  yards  long  (i.e.,  in  the  direction  of  the  range)  by  |  yard  wide  at  the  g^^^J  a^^ 
distance  of  a  mile,  the  18-pr.  S.B.  gun  could,  under  similar  conditions,  ^^jur  ^uns. 
only  hit  a  space   121*7  yards  long  by  25*8  yards  wide  ;  in  shorty  the 
rifled  gun  could  make  better  pi*actice  at  a  distance  of  two  miles  than  the 
S.B.  could  at  one  mile. 

While  these  Armstrong  B.L.  gUns  were  being  tested,  extensive  ex-  Experitnenta 
periments  were  being  carried  out,  both  to  see  if  any  safe  method  could  be  ^.^  strength- 
discovered  of  strengthening  and  rifling  existing  bronze  and  cast  iron  ^f^*^g 
ordnance,  and  .ilso  to  determine  whether  any  better  system  of  construct-  e^igting  S.B. 
ing  rifled  ordnance  than  that  proposed  by  Sir  W.  Armstrong  could  be  ordnance, 
settled  upon.  1859  to  1865. 

As  was  natural,  however,  in  such  a  matter,  Sir  William  Armstrong 
was  not  permitted  to  bear  away  the  palm  without  a  contest. 

Various  propositions  for  rifled  guns  were  submitted  to  the  Ordnance 
Select  Committee,  and  in  1858  Greneral  Peel,  the  then  Secretary  of 
State  for  War,  "  called  upon  Colonel  Lefroy,  his  scientific  adviser,  for  a 
**  report  on  all  the  experiments  that  had  been  tried  on  rifled  ordnance,' 


^  The  coDstnietion,  however,  and  mode  of  B.L.  has  often  been  changed. 

t  The  experimental  3-pr.  first  tried  was,  however,  an  exception  having  a  steel  barrel. 
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CHAP.  IV.    and  ia  accordance  with  the  rocommendation  of  that  report  appointed  a 

special  committee  to  examine  as  to  what  was  the  l)egt  rifled  gun  for 

WhhwOTth         ^®^^  service.     This  committee  came  to  the  conclusion  that  it  was  not 

rival  Brstems.     expedient  to  incur  the  expense  of  trying  further  experiments  with  any 

except  those  of  Messrs.  Whitworth  and  Armstrong. 

A  trial  accordingly  took  place  between  guns  rifled  on  tlie  two  systems, 

but  at  that  time  Mr.  Whitworth  did  not  propose  any  gun  of  his  own 

construction,  and  had  only  rifled  government  blocks  of  bronze  and  cast 

iron,  while  the  Armstrong  breech-loading  gun  was  complete  in  every 

respect. 

The  Armstrong      No  better   nor  cheaper   system   being   found   during  the  period   of 

B.B.L.  system    inquiry,  and  the  necessity  being  urgent  that  we  should  have  a  rifled 

adopted,  1859.    field  equipment  and  so  not  be  behind  other  nations.  Government  entered 

into  a  contract,  in  January  J  859,  with  the   newly-established  Elswick 

Ordnance   Company,  and    also   commenced  the   manufacture  of  these 

R.B.L.  guns  in  the  Royal  Arsenal,  Woolwich.     In  February  1859  Sir 

W.  Armstrong  was  ap{>ointed  engineer  of  rifled  ordnance,  and  in  the 

following    ^November    he    became    also     Superintendent    Royal    Gun 

Factories. 

Service  equip-        Our  field  artillery  were  soon  equipped  with  Armstrong  guns,  and 

mentof  oar        a  number  of  the  heavier  natures  were  made  both  for  siege  and  garrison 

artillery  Arm-     purposes,    and  also  for  the  armament  of  our  fleet.     These  guns  are 

strong  K.BJ^     gj^jjl   j^^   ^j^^  service,  though  many  of  them  are  kept  in  reserve  ;  the 

'  '    diflerent  natures  are  given  in  the  table  at  the  end  of  Chapter  VI. 

The  theoretical  superionty  of  these  R.B.L.  pieces  over  the  old  S.B. 

field  guns  in  power  is  shown  by  Table  VII.  at  end  of  chapter. 

Objections  to         This  B.L.  system,  however,  is  wanting  in  simplicity  and  requires  a  great 

the  B.L.  many  implements  for  its  repair.     Further  experience  showed  that  serious 

breech-screw      accidents  were  likely  to  t^ke  place  from  various  causes,  such  as  the 

W.  ArmstroniF.  breech-screw  being  improperly  screwed  up,  the  vent-piece  being  weak 

*  or  ill  fitting,  &c.,  and  it  is  therefore  probable  that  if  we  had  been  in 

the  meantime  engaged  in  a  war,  in  which  the  B.L.  guns  had  to  be  used 

in  large  numbers,  such  accidents  would  have  considerably  impaired  their 

success ;  as  it  is,  however,  they  have  been  only  used  on  a  small  scale 

before  an  enemy,  principally  in  China,  New  Zealand,  and  Japan. 

Behaviour  of  In  these  wars  the  Armstrong  B.L.  guns  answered  very  satisfactorily 

our  K.B.L.        on  the  whole,  both  on  land  and  at  sea,  and  proved,  as  was  to  be  expected, 

breech-screw      much  more  powerful  than  our  old  S.B.  field  and  heavy  guns,  comparing 

8wvl<S°  ftcto'^e    ^^ji  ^^jj  ^^^  rifled  guns  of  other  powers  at  that  period,  as  shown  by 

the  table  at  page  101.     It  was  clear,  however,  that  a  less  complicated 

system  would  be  better  adapted  for  general  service. 

Various  Every  Power  in  Europe  which  took  an  initiative  in  adopting  rifled 

changes  in         field  artillery,  had   to  purchase   its  experience  in   a   similar  manner. 

Connnentel       rpj^^  French  gun  of  1864  was  not  the  gun  of  the  Italian  campaign,  and 

tti^en'lSSS-^.  ^^®  changes  of  ammunition  have  been  very  numerous.     The  Austrians 

'  adopted  the  system  La  Hitte  in  1869,  changed  it  for  Lenk's  system  in 

1860,  and  changed  again  in  1862.      The  Prussians  adopted  the  Waliren- 

doifs  system  in  1860,  and  changed  it  for  Wesener's  in  1863,  and  have 

since  adopted  Krainer's,  while  since  the  latter  date  most  foreign  Powers 

have  changed  the  pattern  of  their  field  guns  at  least  twice  over  {vide 

Tables  X.  and  XI.  at  end  of  chapter). 

Armstrong  and  Whitworth,  Committees. 

Sir  J.  Whit-  III  1863,  Mr.  (now  Sir  Joseph)  Whitwoith,  having  carried  on  a  series 

worth's  system   of  private  experiments  and  peiiected  his  system,  obtained  such  good 
in  1868.  results  that  he  demanded  another  tnal. 
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A  special  committee  was  therefore  appointed,  1st  Juno  1863,  to  ex-    CHAP.  IV. 

amine  and  report  upon  the  different  descriptions  of  guns  and  ammunition  

proposed  by  Sir  W.  Armstrong  and  Mr.  Whitworth.  wStwo^  *°^ 

The  inquiry  was  to  embrace  the  comparative  qualities  of  the  several  Committee 
systems  with  respect  to  range,  accuracy,  endurance,  ease  of  working,  i86d. 
cost,  &c.,  the  fitness,  in  short,  of  the  guns  and  ammunition  for  the 
various  purposes  to  which  ordnance  may  be  applied  either  in  land  or 
sea  service. 

The  committee  accordingly  carried  out  careful  and  extensive  competi- 
tive experiments  with  Whitworth  12-prs.  and70-prs.,  Armstrong  12-pr8. 
and  TO-prs.  breech-loaders,  and  Armstrong  12-pr.  and  70-pr.  muzzle- 
loaders  ;  the  12-prs.  having  been  chosen  to  decide  the  question  for  field 
artilleiy,  whilst  the  70-prs.  were  the  best  available  representatives  of 
heavy  aitillery,  comprising  siege,  garrison,  and  broadside  guns.  ^ 

Both  natures  of  the  Whitworth  guns  were  muzzle-loaders,  and  had  Whitworth 
Lis  well-known  hexagonal  rifling,  and  mechanically  fitting  projectiles.      M.L.  guns. 

The  12-pr8.  were  of  solid  mild  steel  (having  trunnion-rings  screwed 
on  to  them),  with  a  hoop  of  the  same  material  over  the  powder 
chamber. 

The  70-prs.  were  of  the  same  material,  but  consisted  of  an  inner  tube 
closed  by  a  cascable  screwed  in,  and  strengthened  by  hoops  forced  on 
cold  by  hydraulic  pressure. 

The  Armstrong  breech-loaders  were  constructed  with  steel  barrels,  Annstroog 
and  with  wrought  iron  coils  superimposed  as  usual,  but  the  12-prs.  had  B.L.  guns, 
the  ordinary  breech-screw  arrangement,  and  the  70-prs.  were  upon  the 
wedge  system. 

His  muzzle-loaders  also  had  inner  barrels  of  steel  ;  they  were  rifled  Armstrong 
on  the  shunt  principle,*  for  projectiles  with  soft  metal  studs.  ^•^'  8"°^- 

After  a  searching  examination  of  important  witnesses,  and  complete  Report  made 
and    comprehensive    trials  which  cost   some  35,000/.,  the  committee  ^®^^* 
concluded  their  labours,  on  the  3rd  of  August,  1865,  which  is  the  date 
of  their  report. 

The  results  of  these  experiments  were  very  creditable  to  both  in- 
ventors, especially  as  regai'dcd  the  construction  of  their  respective  guns, 
each  of  which  after  flring  about  3,000  rounds  was  only  burst  at  last  by 
abnormal  means.f 

The  report  was  on  the  whole  most  in  favour   of  the  Armstrong  Results  in 
muzzle-loaders  for  the  following  reasons : —  favour  of  the 

*'  That  tho   many-grooved   system   of   rifling   with   its   lead-coated  Armstrong 
projectiles,  and  complicated  breech-loading  arrangements,  entailing  the  ^^""' 

use  of  tin  cups  and  lubricators,  is  far  inferior  for  the  general  purposes 
of  war,  to  both  of  the  M.L.  systems,  and  has  the  disadvantage  of  being 
more  expensive  both  in  original  cost  and  in  ammunition. 

*'  That  M.L.  guns  can  be  loaded  and  worked  with  perfect  ease  and 
abundant  rapidity. 

^  That  guns  fully  satisfying  all  conditions  of  safety  can  be  made  with 
steel  baiTels  strengthened   by  superimposed  hoops  of  coiled  wrought 


*  Vide  p.  47  for  descriptioil  of  shunt  rifling, 
t  It  may  be  noted  that  the  Committee  report  upon  the  point : — 
*'  After  then  these  12-pr.  (8  cwt.)  guns,  viz.,  the  Armstrong  M.L.  and  B.L.,  and 
the  Whitworth  M.L.  guns  had  each  fired  2,800  rounds,  the  M.L.  with  1  lb.  12  oz.  of 
powder  and  12  lb.  shot,  attempts  were  made  to  destroy  them  by  firing  increased 
charges  of  both  powder  and  shot,  with  the  following  result.  At  the  42nd  round  the 
Armstrong  BX.  gun  split  open,  but  did  not  burst ;  at  the  92nd  round  the  Whitworth 
steel  gun  burst  vtolenUy  into  eleven  pieces,  while  the  M.L.  Armstrong  gun  failed  at 
the  60th  round,  one  of  the  outer  coils  having  cracked  and  fallen  off  Ttithout  flying  to 
pieces/' 
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CHAP.  IV.    iron,  and  that  such  guns  give  premonitory  signs  of  approaching  rupture; 

whereas  guns  composed  entirely  of  steel  are  liable  to  burst  explosively 

without  giving  the  slightest  warning  to  the  gun  detachment." 
Conclosions  These  remai'ks  were  not  supposed  to  be  limited  to  heavy  guns,  they 

arrived  at  by      apply  with  equal  or  greater  force  to  field  guns  ;  in  fact,  the  committee 
the  commiitee.   expressed  their  opinion  that  both  Sir  Wm.  Annstrong's  and  Mr.  Whit- 
worth's  M.L.  systems,  including  guns  and  ammunition,  were  on  the  whole 
very  far  superior  to  Sir  Wm.  Armstrong's  B.L.  system  for  the  service 
of  artillery  in  the  field. 

Committee  of  1866. 

Committee  of  Another  committee,  of  which  Sir  R.  Dacres  was  president,  was 
1866  in  favour  appointed  in  1866  to  inquire  into  the  question  of  M.L.  and  B.L. ;  they 
of  M.L.    ^         came  to  the  conclusion  that  "the  balance  of  advanti^es  is  in  favour  of 

M.L.  for  field  guns,"  because  they  are  equal  to  breech-loaders  in  range 

and  accuracy,  and  much  superior  to  them  in  simplicity  both  of  fittings 

and  ammunition. 
A  few  12-pr.  At  this  date  a  few  12-pr.  R.M.L.  of  8  cwt.  were  made  of  wrought  iron 

li.M.L.  guns  and  steel,  but  as  the  expense  would  have  been  great  and  there  was  no 
made  in  1870.    urgency,  their  manufacture  was  not  carried  out  on  a  large  scale  for  issue 

instead  of  the  service  B.L.  guns. 

Committee  of  \%ii^. 

Field  fruns  for  The  field  armament  of  India  consisted  at  this  period  ( i  868)  almost 
India,  1868.       entirely  of  S.B.  guns,  and  it  became  necessary  to  provide  her  with  a 

more  efficient  equipment.     At  this  date  we  had  ceased  manufacturing 

R.B.L.  and  had  not  began  to  make  R.M.L.  field  guns  for  issue.     For 

India,  however,  it  was  finally  decided  to  have  a  M.L.  aimament,  and  as 

Question  as  to    it  was  considered  advisable  to  make  that  country  so  far  independent  of 

manufacture  of  England  that  her  arsenals  should  be  in  a  position  to  manufacture  their 

guns  in   n  la.    ^^^  ^^|^  guns,  while  there  was  an  objection  (on  economical  grounds)  to 

sending  out  the  expensive  plant  required  for  the  manufacture  of  steel  and 
Committee  on  wrought  iron  guns,  a  committee  of  officers  was  assembled  in  1868  under 
Bronze  he  d  ^j^^  presidency  of  Major-Genernl  Eardley-Wilmot  to  carry  out  experi- 
1868-70.        '   meuts  with  a  view  to  recommending  a  R.M.L.  bronze  gim  for  Indian 

servdte.  They  first  attempted  to  utilize  S.B.  9-pr.  guns,  but  had  to  abandon 
the  idea,  and  subsequently  9-pr.  R.M.L.  cast  at  Woolwich  gave  such 
satisfactory  results  upon  trial  at  Shoeburyness  that  in  1870  9-pr.  bronze 
guns  were  definitely  adopted  for  Indian  service,  while  some  were  also 
issued  to  batteries  at  home. 
Maniifadturc  Time  and  practice  during  peace,  however,  developed  so  many  defects  * 

of  rifled  bronae  in  these  9-prs.  that  they  have  now  all  been  withdrawn  from  the  service 

guns  com-^  (vide  p.  5).  In  external  form,  sighting,  &c.  these  guns  resembled  the 
menced  18/0.  ^  *      c\  oo  o 

discontinued  in    P^^^^"^  ^^^^^'^^«  ^-P»'^- 

1871. 

Special  Committee  of  \^^0. 

Bpecial  com-^  On  the  25th  July  1870  a  special  committee  of  ilrtiilery  officers,  under 
'  '""'^  Major-General  Sir  John  St.  George,  K.C.B.,as  president,  was  appointed 
to  carry  out  comparative  trials  with  the  9-pr.  bronze  rifled  guns  (Indian 
pattern),  and  the  9-pr.  and  12-pr.  B.L.  guns  of  the  home  service,  and 
to  report  fully  on  the  whole  subject,  so  that  the  question  of  B.L.  and 
M.L.  for  our  field  guns  might  be  definitively  settled. 


mittee  of  1870. 


*  At  the  time  of  their  adoption  the  Supt.  R.G.F.,  Colonel  (now  General)  Campbell* 
strongly  objected  to  the  use  of  such  bronze  for  rifled  field  pieces,  vide  p.  88,  *'  Heport 
of  Field  Artillery  for  India,  1868." 
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In  their  report  dated  28th  November  1870,  they  say  : —  CHAP.  IV. 

*^  The  Committee  have  no  hesitation  in  giving  the  preference  to  the 
MX.  gun,  both  in  respect  to  simplicity  and  facility  of  repair. 

"  If,  as  regards  the  question  of  endurance,  the  Committee  are  called 
upon  to  select  between  a  structure  of  wrought  iron  and  steel  and  one 
of  bronze,  as  tried  by  them,  they  unhesitatingly  pronounce  in  favour  of 
the  former,  whether  the  gun  be  a  muzzle-loader  or  a  breech-loader. 

*^  It  may  be  urged  that  considerations  of  manufacture  favour  the  Results  of  trials 
adoption  of  bronze  for  M.L.  guns  for  India,  but  the  same  cannot  be  between  BX. 
accepted  as  applying  to  this  country,  and  taking  weight  for  weight  it  is  ■***  ^^  "^^^ 
impossible  to  deny  that  far  greater  endurance  will  be  attained  by  the  ^°'* 
present  mode  of  construction  than  by  the  use  of  bronze. 

"  The  service  B.L.  system,  owing  to  the  absence  of  windage,  neces- 
sitates the  employment  of  a  mechanical  arrangement  for  lighting  the 
time  fuze.  This  is  effected  by  the  employment  of  a  detonator,  which 
has  proved  to  be  highly  sensible  to  climatic  influences.  The  M.L.  gun 
on  the  other  hand  has  the  advantage  of  being  able  to  use  an  ordinary 
wood  time  fuze,  which  experience  has  proved  to  be  little  or  not  at  all 
affected  by  climate. 

"  As  regards  cartridges,  the  B.L.  guns  have  the  great  disadvantage  of 
requiring  the  use  of  lubricators. 

*'  In  respect  to  other  stores,  such  as  percussion  fuzes  and  projectiles, 
the  Committee  believe  that,  whether  for  breech  or  M.L.  guns,  there  will 
be  found  little  or  no  difference  between  them  so  far  as  regards  their 
capability  to  bear  the  tests  of  travelling  or  climate. 

"Judging  from  the  results  of  the  practice  at  Aldershot,  the  9-pr. 
M.L.  and  the  12-pr.  B.L.  guns  appear,  in  respect  to  shooting,  to  bo 
much  upon  a  par ;  the  former  being  superior  in  point  of  shrapnel  shell 
with  time  fuzes,  the  latter  in  point  of  segment  shell  with  percussion 
fuzes ;  the  9-pr.  B.L.  gun  being  inferior  to  both. 

"  The  advantages  of  simplicity,  facility  of  repair,  case  of  working,  A  wrought 
rapidity  of  fire,  original  cost,  and  cost  of  maintenance,  are  in  favour  of  ^^?°  ^-^.L. 
a  M.L.  gun,  and  the  Committee  consider  that  these  qualifications  out-  J^ommended 
weigh  the  important  advantage  of  the  superior  amount  of  cover  given  to 
the  detachments  when  entrenched  and  in  the  open,  which  a  B.L.  gun 
affords,  and  are  therefore  of  opinion  that,  on  the  whole,  a  M.L.  gun 
is  the  more  efficient  for  war  purposes;  but  they  recommend  that,  if 
adopted  for  home  service,  they  be  made  of  wrought  iron  with  steel 
tubes." 

Hesume  up  to  introduction  of  R. M.L.  Field  Guns. 

We  see  then  that  for  field  service  our  first  rifled  guns  were  R.B.L.  Summary  as  to 
pieces,  built  up  on  the  Armstrong  principle  *  between  1859  and  1864,  5'Sr^'  ^®""* 
that  we  soon  found  out  that  this  system  of  breech  loading  had  faults,  g^j^    '  ^^ 
and  in  consequence  made  very  extensive  experiments  between  1863  and 
1870  as  to  the  comparative  value  of  these  B.L.  guns  and  the  various 
descriptions  of  M.L.  field  guns  brought  forward.     The  committees  who 
carried  out  these  trials   were  composed  principally  of  distinguished 

»  

*  The  system  of  B.L.  introduced  with  our  service  Armstrong  guns,  has  nothing  to 
do  with  the  principles  of  the  Armstrong  construction  of  huilding  up  of  a  ffun  as 
pointed  out  at  p.  33.  Though  we  have  abandoned  B.L.  guns,  we  still  retain  the 
Armstrong  constrnction  as  modified  by  Mr.  Fraser. 

40152.  F 
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CHAP.  IV.     artillery  officers,  and  they  all  arrived  at  the  conclusion  that  a  M.L.  gan 
was  better  than  a  B.L.  for  the  reasons  given  above.* 

Service  As  regaixls  the  construction  or  building  up  of  the  gun  itself  which  is 

conatructioD.      ^^ly  affected  indirectly  by  the  question  of  B.L.  or  M.L.,  these  committees 

were  unanimous  in  recommending  the  built-up  system  of  steel  barrel 
Ad  wrought  iron  jacket  at  present  employed,  instead  of  the  use  of 
bronze  or  of  steel  alone. 

Manufacture  of  In  consequence  of  these  recommendations,  no  new  R.B.L.  field  pieces 
R.M.L.  field  have  been  made  since  1864,  but  in  1871  we  commenced  the  mann&cture 
g^^^^'  of  the  M.L.  steel  and  iron  guns  with  which  our  Field  Artillery  are  now 
Igyi  entirely  equipped  ;  these  guns  are  built  up  of  an  inner  barrel  of  steel, 

and  a  ja<?ket  of  coiled  iron  carrying  the  trunnions. 

R.M.L.  9-pr.  Designs  for  a  9-pr.  gun  of  6  cwts.  and  of  a  12-pr.  of  8  cwts.  had  been 

6  cwts.,  and  prepared  in  1866  the  former  being  adapted  for  a  boat  and  R.H.A.  gun, 
d^'*^  edln^*'  and  the  latter  for  field  batteries.  A  few  of  both  were  manufactured  but 
I866and^ed  ^^^  completed  in  1868-69,  and  in  1870  these  were  rifled  on  the  modified 
in  1870.  French  system  as  9-prs.  of  18  and  21   calibres  respectively,  the  former 

proved  rather  too  short,  and  but  few  were  made,t  while  of  the  8-cwt, 
guns  a  number  were  manufactured  both  for  field  and  boat  service. 

Committee  of  1869. 

Committee  of  A  committee  of  R.A.  officers  which  carried  out  important  experi- 
1869.  ments  on  Dartmoor  in  1869;^  having  strongly  recommended  that  a  field 

gun   should  be  introduced   suitable  for  high  angle  fire  when  neces- 
sary, and  for  throwing  common  shell  with  large  bursting  charges,  the 
question  was  referred  in  1870  to  a  special  Conmiittee§  who  after  trials 
Introduction  of  with  guns  weighing  about  12  cwt.  and  of  different  calibres,  finally  settled 
^^l^-pr*  upon  the  calibre  of  3"  6  as  the  most  suitable,  and  accordingly  a  16-pr. 

R.M.L.  1871.     gyjj  ^jf  3//  g  ^^^  Q^  19  calibres  length  of  bore,  was  approved  of  for 

the  armament  of  the  heavy  portion  of  our  field  batteries  being,  when 
introduced,  the  most  powerfiil  field  gun  in  Europe. 

Committee  o/*  1871. 

Gatling  mi-  In  1871  a  few  Gatling  mitrailleurs  were  introduced  into  the  service 

trailleurs,  1871.  for  naval  purposes  after  extended  experimental  trials  had  been  carried 

out  by  a  special  Committee.  (Vide  p.  376,  Appendix,  for  further  in- 
formation as  to  this  weapon.) 

*  Much  hostile  criticism  has  been  spent  upon  our  enthusiastic  adoption  and  praise 
of  the  K.B.L.  Armstrong  system,  and  our  speedy  abandonment  of  the  same  in  uToor 
of  R.M.L.,  hut  we  have  kept  steadily  to  one  mode  of  construction,  and  p^faapi 
changed  less  in  reality  than  most  of  the  powers. 

To  quote  once  more  from  Captain  Langlois'  work,  he  says,  talking  of  the  metals 
employed  for,  and  of  the  absolute  construction  of  field  guns  : 

"  Prussia,  in  fact,  after  using  steel  pieces,  came  back  to  bronze  in  1869  ;  after  the 
war  of  1869-71,  she  carried  out  trials  with  bronze  phosphor,  and  has  lastly  anirsd 
at  a  steel  ringed  gun. 

"  France  and  Austria  have  so  far  preserved  bronze,  the  first  with  a  tendency 
towards  steel,  and  the  second  towards  phosphor  bronze. 

'<  England  alone  has  never  varied  ;  she  adopted  ringed  iron  guns  with  steel  bamls 
for  the  Armstrong  system,  and  still  preserves  that  metal  (and  a  similar  constrac* 
tion)  for  her  so-called  Woolwich  guns.** — Les  Artilleries  de  CcunpagHe  de  t Europe 
m  1874,  par  H.  Langlois,  Captain  d^ Artillerie, 

t  Now  only  used  for  boat  service,  Mark  I.,  SS.,  vide  p.  266. 

i  Major-General  C.  Dickson,  C.B.,  V.C,  President. 

§  On  High  Angle  Fire,  vide  note,  p.  87. 
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Committee  on  High  Angle  Fire,  '_ 


On  the  cessation  of  the  Franco-Prussian  War  of  1870-71  in  which  Comparative 
the   Prussian   field  guns  piajed  so  important  a  part  it  was  thought  trial  of  British 
advisable  by  our  War  Office  to  test  oui-  new  M.L.  pieces  in  comparison  ^^-  pd 
with  the  Prussian  breech-loader.     Experiments  were  therefore  carried  ^^*|^i872,' 
on    at    Shoeburyness    in    1872    by    the    Committee  on   High  Angle  ^Hieh  Angle 
Fire  mentioned  at  p.  87,  between    a   German    9-pr.  B.L.   of  3" '09  Fire  Com- 
calibre,  weighing  about  6  cwt,  and  our  own  9-pr.  of  8  cwt.  (now  re-  mittee. 
duced  to  6  cwt.)  with  highly  favourable  results  for  our  own  field  gun. 

The  Committee  reported  that  the  British  gun  had  a  decided  superio- 
rity over  the  Grerman,  in  length  of  range,  rapidity  of  fire,  power  and  ease 
of  manipulation,  while  the  German  gun  egtcelled  somewhat  in  accuracy 
of  shooting,  though  the  difference  in  this  point  was  but  slight. 

Throughout  the  trials,  however,  the  breech  arrangement  of  the  latter 
required  much  attention,  and  the  Committee  considered  that  it  required 
Buch  constant  care  for  its  preservation,  as  in  hard  campaigning 
and  severe  weather  it  would  be  difficult  to  exact  from  any  artilleryman 
whatever.* 

French  Experiments. 

Careful  comparative  trials  were  also  made  in  the  same  year  by  the  French  official 
French  authorities  at  Bourges  and  elsewhere,  between  the  Woolwich  trials  of  field 
9-pr.  and  other  field  guns,  the  result  being  as  follows  according  to  the  S°^  ^^  1^72, 
official  report : — 

"  Notwithstanding  a  few  imperfections,  the  Woolwich  material,  taken 
altogether,  constitutes  a  first-class  system  of  field  artillery." 

**  The  Woolwich  wrought  iron  9-pr.  gun  gave  results  which  are  not 
inferior  to  those  of  any  gun  actually  in  service  in  Europe.  These  results, 
however,  can  perhaps  be  surpassed.  This  is  the  end  to  be  kept  in  view 
in  the  selection  of  a  field  gun,  and  which  mu^t  be  attained  in  the  case  of 
our  adopting  a  breech-loader.  This  method  of  loading,  since  it  possesses 
practical  inconvenience,  must  give  in  compensation  notably  superior 
results  to  the  best  muzzle-loading  gun  in  order  to  be  adopted." 

• 
English  Field  Chins  of  this  Date. 

In  1872,  then,  we  had  every  reason  to  be  satisfied  that  our  field 
artillery,  even  if  slightly  inferior  in  accuracy,  was  on  the  whole  superior 
to  that  of  all  other  nations  in  power.f 

This  will  be  evident  upon  inspection  of  the  Table,  p.  102,  which  shows 
the  comparative  values  of  the  service  field  guns  used  by  the  great  powers 
in  1872. 

*  The  complication  due  to  the  breoch  arrangement  was  in  fact  severely  felt  during 
the  war  of  1870-71,  when  over  200  guns  were  rendered  unserviceable  in  the  field 
through  the  breech  apparatus  becoming  defective.  In  the  new  German  gims  an  im. 
prov^  and  simpler  breech  closing  apparatus  has  consequently  been  adopted,  but  the 
disadvantage  of  complication  still  remains.  For  every  gun  spare  parts,  tools,  &c., 
have  to  be  carried. 

t  In  Captain  Langlois' work  on  the  Field  Artillery  of  Europe,  dated  1875,  he 
fltatea  with  regard  to  the  armaments  of  the  several  powers  in  1870,  *'  Two  things  are 
evident,  one,  that  by  breech  loading,  one  may  expect  to  obtain  greater  velocities 
and  greater  accuracy,  thanks  to  the  regular  <  forcement '  of  the  projectile.  On  the 
other  hand,  it  must  be  acknowledged  that  no  existing  service  breech-loader  pos- 
sesses over  the  Woolwich  gun  a  superiority  sufficiently  great  to  make  up  for  their 
oompUcation." 

F  2 
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9-pr.  6  cwt.  for 
the  hone 
artillery  and 
light  field 
batteries. 


The  8  cwt.  9-pr.  proved  somewhat  heavy  for  horse  artillery,  and  as 
experiment  showed  it  was  possible  to  use  with  this  arm  a  lighter  gun  of 
6  cwt.  a  piece  of  the  latter  weight  and  same  calibre  as  the  8-cwt.  gun 
with  a  length  of  about  22  calibres  was  introduced  as  a  horse  artillery 
gun  in  1874. 

Further  trial  showing  also  that  the  same  charges  and  projectile 
could  be  used  with  this  gun  as  with  the  8-cwt.  gun  it  was  determined  to 
arm  both  horse  artillery  and  light  field  batteries^  with  9-pr.  guns  of 
6  cwt.  which  are  about  a  calibre  longer  in  bore,  and  give  slightly  more 
velocity  than  those  of  8  cwt. 

Om-  present  aimament  therefore  for  field  service  consists  of  9-prs.  of 
6  cwts.  for  horse  artillery  and  one  half  of  the  field  batteries,  the  re- 
mainder of  which  (or  heavy  field  batteries)  are  equipped  with  16-prs. 
of  12  cwts.  For  boat  and  field  marine  service  9-pr8.  of  6  cwts.  and 
8  cwts. 

In  1871  a  26- pr.  of  18  cwts.  was  proposed  as  a  gun  of  position  and 
introduced  into  the  service  in  1874.  Its  construction  is  similar  to  that 
of  the  field  guns.  Vide  p.  86  for  further  account,  under  the  heading  of 
Siege  Pieces. 

ExperimentB  at      Our  field  guns  proved  very  formidable  field  pieces  during  the  experl- 

Okehampton      ments  carried  out  at  Okehampton  in  1875,  the  9-pr.  of  6  cwts.  up  to 

!"^  9-pr.  and    3,500  yards  and  the  16-prs.  up  to  4,000  yards  range  rendered  the  ground 

pr.  in  1875.  covered  by  them  quite  untenable  by  infantry,  while  at  still  longer  range, 

cover,  such  as  villages  or  houses,  was  destroyed  by  the  fire  of  the  16-pr. 

(Vide  p.  59.) 

Progress,  however,  is  as  necessary  in  ai'tillery  as  in  all  else,  and  it 
advances  with  no  leaden  foot.  Since  the  Franco-Grerman  War,  6ei^ 
many  has  furnished  herself  with  a  new  field  equipment  of  more  power- 
ful guns,  while  Austria,  France,  Russia,  and  other  Powers  are  making 
strenuous  efforts  in  the  game  direction  as  will  be  seen  from  the  Table 
at  end  of  the  chapter. 


16-pr.  for 
heavy  field 
batteries. 

25-pr.  intro- 
daeed  1874. 


New  or 
experimental 
armaments  of 
Foreign 
Powere. 


Experimental 
MX.  12-pr. 
guns  of  1876. 


ExperimefUal  Field  pieces. 

Convinced  as  we  are,  notwithstanding  numerous  dicta  to  the  contrary,! 
that  we  can  increase  the  power  of  M.L.  field  guns  in  as  great  a  ratio 
as  the  Germans  have  increased  those  of  their  breech-loaders,  while  re- 
taining the  undoubted  and  important  advantage  of  simplicity  we  are 
now  trying  experimental  M.L.  field  guns,  which  bid  fair  to  surpass  in 
power  any  field  ordnance  hitherto  made. 

In  the  early  part  of  1875,  in  compliance  with  the  wishes  of  the  then 
Director  of  Artillery,  Sir  J.  Adye,  K.C.B.,  a  12-pr.  E.M.L.  gun  of 
8  cwts.  was  desigued  by  the  Royal  Gun  Factory  to  throw  a  12  lb.  pro- 
jectile with  a  muzzle  velocity  of  at  least  1,500  feet  per  second. 

After  some  preliminary  trials  with  an  old  9-pr.  R.M.L.  gun  lengthened 
and  chambered  (vide  p.  40),  three  of  these  pieces  rified  on  different 
systems  were  tested  at  Woolwich  in  May  1876  giving  excellent  results. 
Further  trials  are  being  made  with  these  12-prs.  at  Shoeburyness,  and 
when  these  are  concluded,  but  a  short  i)eriod  need  elapse  before  we  ran 
furnish  our  field  artillery  with  a  new  and  still  more  powerful  equipment 
than  that  which  they  now  possess. 


♦  The  8-cwt.  guns  made  are  being  turned  down  for  S.S.    Vide  p.  255. 
f  Vide,  for  example,  Captain  Langlois'  work  already  quoted  at  p.  18. 
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In  these  new  guns  advantage  is  taken  of  all  the  latest  improvements,  CHAP.  IV. 
such  as  an  enlarged  chamber,  increased  length  of  bore,  and  powder  """" 
specially  adapted  to  the  piece,  and  they  have  already  shown  that  they 
possess  admirable  accuracy  and  great  power,  so  that  should  it  bo 
necessary,  we  can  obtain  from  them,  with  suitable  projectiles,  as  high  a 
muzzle  velocity  as  1,700  f.s.  and  even  niore.  We  are  fortunately, 
however,  so  situated  that  we  can  afford  to  take  the  necessary  time  for 
carrying  out  all  pecessary  trials  in  order  to  make  the  new  field  guns  as 
perfect  as  possible  in  all  details,  before  they  are  finally  introduced  into 
the  service. 

Mountain  and  Boat  Guns. 

The  history  of  these  pieces  is  almost  identical  with  that  of  field  guns.  Their  history. 
When  we  ceased  to  manufacture  R.B.L.  guns,  in  1863  we  commenced  to 
make  these  pieces  also  as  muzzle-loaders. 

The  6-pr.  Armstrong  R.B.L.,  which  had  partially  replaced  the  old  7-pr.  M.L.  gun. 
S-B.  mountain  piece  (vide  p.  72),  was  in  its  turn  superseded  by  the 
7-pr,  M.L.  gun  rifled  on  the  French  system.     In  1865,  a  few  mountain 
guns  being  ordered  for  Bhootun  in  haste,  were  made  by  tuiiiing  down  ConverHion  o£, 
and  rifling  3-pr.  bronze  S.B.,  and  a  small  number  of  similar  pieces  3-pr»  8.B. 
were  subsequently  made ;  but  steel  now  alone  is  used  for  these  guns,  ^^^^  g^°'« 
which  are  manufactured  from  a  solid  ingot  of  that  metal. 

These  7-pr8.  have  the  French  rifling  (vide  p.  49),  and  fire  studded 
projectiles. 

Two  natures  are  now  being  manufactured,  one  weighing  150  lbs.,  for  Steel. 
use  in  India,  &c.,  and  a  later  pattern  of  200  lbs.  weight,  introduced  in  7-pr.  150  lbs. 
1873.     This  is  a  longer  gun  than  the  former  pattern,  and  considerably  ^*P^'  ^^^      * 
more  powerful.    It  is  the  piece  principally  employed  for  light  boat 
service. 


Guns  of  Position  and  Siege  Pieces. 

In  the  case  of  siege  pieces  destined  for  fire  more  or  less  direct^  the  Gonsofposi- 
same  reasons  which  led  us  to  discard  the  R.B.L.  service  guns  for  field  tion  and 
service  led  us  to  do  so  in  the  case  of  these  pieces  also.  "®gc  pieces. 

The  S.B.  pieces  originally  used  for  siege  service  were  replaced  in  R.B.L.  from 
1859^3  by  20-pr.,  40.pr.,  and  7-inch  R-B.L.,  but  since  1870,  we  have  1859  to  1870. 
made  25-pr.,  40-pr.,  and  64-pr.  R.M.L.*  pieces  for  direct  and  indirect 
fire  siege  guns,')'  to  take  the  place  of  these  R.B.L.  pieces. 

The  introduction  of  the  64-pr.  is  described  at  p.  90  further  on ;  until  R.M.L.  intro- 
1871,  these  guns  had  iron  tubes,  but  such  as  have  been  manufactured  duced  1870. 
since  that  date  have  solid  ended  steel  barrels,  and  of  this  description 
are  all  our  siege  train  64-prs. 

The  40-pr.  was  introduced  in  1871y  and  at  that  date  a  few  of  these  40pr.  B.M.L. 
pieces  were  made  about  18  calibres  in  length  of  bore,  but  further  ex-  1871. 
peiiments  showed  that  an  increase  of  length  was  advisable,  and  our 
4(>-prs.  for  siege  purposes  have  now  very  much  the  same  properties  as 


*  As  explained  in  Chapter  XI.,  we  use  64-pr8.  also  as  garrison  and  naval  broadside 
gnus. 

f  Vide  p.  259  as  to  constitution  of  present  siege  train. 
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CHAP.  IV.    to  length,  &c,  as  the  40-pr.  R.B.L.,  but  aB  they  utilize  a  much  larger 
charge  of  powder  they  are  more  powerful  guns. 

The  25-pr.  was  introduced  in  1874  to  supersede  the  20 -pr.  R.6.L. 
The  three  last-mentioned  R.M.L.  siege  pieces  are  built  up  on  the  Eraser 
construction,  and  as  far  as  power  and  accuracy  of  fire  are  concemedy 
we  have  good  reason  to  be  satisfied  with  them. 


25-pr.  B.M.L., 
1874. 


Ordnance  for 
high  angle 
firing. 


Experimental 
rifled  mortars, 
1353. 

Finpd  at  fixed 
angles. 

Proposals 
as  to  high 
angle  firing. 

Sir  J.  Bur- 
goyne,  1864. 


Rifled  howit- 
zers suggested. 


Experiments 
wiUi  68-pr.  car- 
ronades  rifled, 
1866-7. 

Results 
obtained. 


Ordnance  for  High  Angle  Fire. 

But  oesides  ordnance  for  direct  fire,  siege  trains  must  also  include 
pieces  which  can  give  an  effective  fire  at  high  angles  of  elevation,  say 
generally,  over  15%  and  for  this  purpose  S.B.  mortars  remained  in  use  in 
our  own  service,  as  in  that  of  other  nations*  long  after  rifled  guns  had 
been  universally  adopted  for  direct  fire  and  for  indirect  or  curved  fire 
at  low  angles ;  each  year,  however,  their  defects  became  more  patent,f 
and  as  early  as  1853,  experiments  were  carried  out  with  S.B.  mortars 
rifled  for  the  purpose  on  various  systems,  but  without  much  success ; 
these  pieces  were  only  capable  of  being  fired  at  certain  fixed  angles ; 
this  necessitated  variations  in  the  amount  of  powder  used,  consequently 
a  varying  space  in  the  chamber,  and  so  to  unequal  action  of  the  charge. 

Various  other  proposals  were  brought  forward  from  time  to  time,J 
but  nothing  substantial  accrued  from  them.  In  1864,  Sir  J.  Burgoyne 
called  attention  very  forcibly  to  the  great  value  of  vertical  fire  against 
bombproofs,  and  to  the  urgent  necessity  of  increasing  the  range  and 
improving  the  accuracy  of  our  mortars ;  the  O.S.C.,  however,  pointed 
out  that  the  rifling  of  mortars  would  not  (as  explained  above)  remove 
the  causes  militating  against  the  accuracy  of  mortar-fire,  and  proposed 
that  a  piece  should  be  tried  of  the  nature  of  a  heavy  rifled  howitzer 
capable  of  being  fired  at  angles  of  elevation  up  to  30°.  In  1864,  General 
Lefroy,  F.R.S.,  the  president  of  the  O.S.C,  accordingly  submitted  that 
an  8-inch  smooth-bore  gun  might  be  rifled  and  fired  at  8uch§  angles ; 
finally  three  68-prs.  carronades  were  rifled  and  experimented  with  in 
1866-67,  and  owing  to  the  success  of  these  experiments  a  32-pr. 
bronze  block  (made  for  a  32-pr.  S.B.  howitzer)  was  bored  to  6"  "3 
calibre,  and  rifled  witli  three  plain  grooves,  so  that  the  64-pr.  projectiles 
could  be  employed  with  it.  The  results  obtained  were  very  good,||  and 
it  was  submitted  that  such  a  piece  should  be  added  to  our  siege  train. 


♦  In  the  war  of  1870-71  the  GJermans  employed  maDy  S.B.  mortars,  and  in  a 
German  siege  train,  as  at  present  constituted,  of  400  pieces,  we  find  a  proporti<m  of 
120  S.B.  (15*=.)  6-inch  mortars  arc  included. 

f  At  the  siege  of  Fort  Pulaski,  dnring  the  American  war  of  1860,  we  are  told  that 
at  a  range  of  1,700  yards  more  mortar  shells  mis8e<l  than  hit  the  fort. 

X  Captain  (now  Sir  W.)  Palliser  proposed  rifle  mortars  in  1854,  and  in  1863-63  a 
7-inch  wrought  iron  mortar,  proposed  by  Sir  W.  Armstrong,  and  rifled  on  the  shunt 
principle  was  tried  at  Shoeburyness,  but  with  indifferent  results. 

§  With  reference  to  these  trials  the  O.S.C.  reported  that  the  extreme  range  of  the 
L.S.  10-inch  mortar  in  respect  to  the  weight  of  its  shell,  as  comparable  with  the 
present  practice,  is  only  2,400  yards,  and  the  capacity  of  its  shell  is  limited  to  5  lbs.  of 
powder,  whereas  with  an  elongated  shell  of  the  same  weight,  holding  8  lbs.  lOoss.  d 
powder,  a  short  rifled  piece  can  be  made  to  command  a  rauge  of  3,000  jazds  at  80^ 
elevation,  with  a  charge  of  only  4  lbs.,  and  a  range  of  3,500  yards  with  a  charge  of 
5  lbs.  of  powder,  and  with  a  degree  of  accuracy  of  fire  in  respect  to  direction,  which 
is  unknown  in  mortars. 

II  The  O.S.C.  reported  as  to  this  piece  that "  rifling  the  82-pr.  howitzer  would  improve 
their  efficiency,  and  by  enabling  these  pieces  to  fire  in  addition  to  their  present 
spherical  common  and  diaphragm  shells,  a  special  shell  with  large  biusting  charge, 
and  would,  to  all  appearance,  make  them  more  accurate  with  their  own  shell.  That 
they  would  be  a  valuable  addition  to  a  siege  train  from  their  comparative  mobility 
and  increased  accuracy.*' 
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There  were  many  objections  to  this,  however,  on  account  of  the  material,    CHAP.  IV. 

weight,  and  construction  of  the  old  S.B.  32-pr.  bronze  howitzer,  it  was         

proposed  to  bore  up. 

Subsequently  a  9-inch  howitzer  was  also  cast  and  rifled  for  experi-  9-inch  cast 
ment,  its  weight  being  70^  cwts.     It  used  a  charge  of  10  lbs.,  and  a  iron  howitzer, 
projectile  of  200  lbs.  and  attained  a  range  of  about  5,000  yards. 

Further  experience  haying  been  gained  as  to  high  angle  firing  from 
rifled  pieces  during  the  war  of  1866,  the  O.S.C.  reported  that  year  that 
the  matter  was  ready  for  decision  without  further  experiments ;  prior 
to  this  date  also,  the  employment  of  iron  clad  ships  had  become  general^ 
and  it  was  seen  that  the  decks  of  these  ships  offered  a  vulnerable  point ; 
this  gave  a  further  impetus  to  the  consideration  of  accurate  high  angle 
fire  from  rifled  guns. 

The  O.S.C.  consequently  suggested  in  1867  that  for  siege  purposes  an  Proposed 

8-inch  rifled  howitzer  of  about  50  cwts.,  should  be  made,  and  that  for  8-inch  rifled 

coast  defence  we  should  manufacture  pieces  capable  of  throwing  shell  of  howitzer,  1867. 

200  lbs.  and  300  lbs.,  and  of  the  weights  respectively  of  4  and  6  tons. 

Designs  were  accordingly  submitted  in  November   1867,  by  Colonel  R.M.L.  8, 9, 

Campbell,  the  Superintendent  of  the  R.G.F.  for  rifled  howitzers  of  a»d  lo-inch 

8,  9,  and  10-inch  bore,  and  of  the  weights  above-mentioned.*  howitzers, 

'    '  '  °  designed  in 

R.G.F.,  1867. 
Committee  on  High  Angle  FirCy  1870. 

No  immediate  action  was  taken  as  to  these,  but  in  1870,  a  Special  Committee  of 
Committeef  was  appointed  to  consider  whether  it  was  advisable  to  convert  1870. 
13-inch  S.S.  mortars,  and  also  t^  report  upon  high  angle  and  vertical  Idea  of 
fire  from  rifled  howitzers  ;  13-inch  and  10-inch  S.S.  mortars  of  100  and  converting 
52  cwts.  respectively,  were  fitted  with  rifled  steel  tubes  of  9-inch  and  ?^^  ™^" 
8-inch  calibre,  but  they  did  not  give  such  good  results  as  the  rifled  8.ixich  R.M.L. 
howitzer,   so    the    idea  was  abandoned.     Further   experiments    were  howitzers 
carried  out  with  this  rifled  howitzer,  and  in  1872  it  was  finally  decided  abandoned, 
that  8-inch  rifled  howitzers  should  take  the  place  of  S.B.  mortars  in 
our  siege  train  ;  a  number  of  these  pieces  were  consequently  manufac- 
tured in  1873-74  ;  they  are  made  on  the  Fraser  construction  with  a  steel 
tube  and  wrought  iron  exterior,  and  rifled  on  the  Woolwich  system. 

In  1874,  this  Committee  being  anxious  to  try  a  lighter  nature  of  6'3-inch 
rifled  howitzer  capable  of  firing  a  shell  of  about  60  lbs.  proposed  that  a  howitzer  pro- 
howitzer  should  be  constructed  of  6 •3-inch  calibre.    A  sufficient  number  P*''®°>  ^^7*- 
of  these  pieces  for  a  siege  train  have  been  made  (on  the  Fraser  construc- 
tion), and  they  will  be  completed  as  soon  as  the  question  of  the  best 
mode  of  rifling  and  sighting  has  been  decided  upon. 

We  thus  have  two  natures  of  rifled  howitzers  in  our  siege  train,  viz. :  Service  K.M.L 
The  8-inch  howitzer  of  46  cwt.,J  and  the  6 •3-inch  howitzer  of  18  cwt.  howitzers. 
These  have  entirely  taken  the  place  of  the  old  S.B.  mortars,  the  employ- 


*  These  two  latter  do  not  come  under  the  head  of  siege  train  ordnance, 
t  General  Eardley-Wilmot,  F.R.S.,  R.A.,  President. 

Merahers : 


Colonel  E.  Wray,  C.B.,  RA. 
„      G.  Shaw,  C.B.,  B.A. 
Lt.-Colonel  H.  Heyman,  R.A. 

W.  B.  M.  ReiUy,  C.B.,  R. A. 


»> 


Lt.-Colonel  R.  J.  Hay,  RA. 
Captain  V.  D.  Majen^e,  RA. 

„       W.  R.  Llwellyn,  R.  A.,  Secretary. 


X  The  lO-inch  and  9-mch  rifled  howitzers  intended  for  coast  deftnces,  &c.  are  still 
being  experimented  witli. 
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CHAP.  IV.    ment  of  which  for  our  siege  train  was  discontinued  in  1872.   Table  VIII. 

at  the  end  of  chapter  shows  how  much  more  powerful  rifled  howitzers 

will  be  than  the  S.B.  mortars  which  they  have  superseded. 

Guns  convebted  from  S.B.  fob  Secondary  Purposes  of 

Defence. 

Introduction  of      Before  going  on  to  the  history  of  our  heavy  guns  it  may  be  well  to 
convoted  guns,  mention  how  and  when  guQS  converted  from  S.B.  were  introduced  into 

the  service.    A  detailed  account  of  these  pieces  is  given  in  Chapter  X. 
Strengthening        Upon  the  introduction  of  rifled  guns  it  was  naturally  attempted  to 
existing  CI.       utilize  the  existing  cast  iron  ordnance  by  strengthening  them  to  meet 
ordnance,  1855.  ij^^  increased  strain  due  to  the  use  of  heavy  elongated  projectiles. 
Major  PtUlisePs      As  early  as  1855  various  methods  were  tried  to  this  end*  but  none 
proposal,  1863.  ^^  these  succeeded  well  until  in  1863  Major  Palliser  proposed  to  line  the 

bored-out  S.B.  pieces  with  a  wrought  iron  inner  barrel ;  between  this  date 
and  1868  a  number  of  guns  so  converted  were  tried,  and  in  the  latter  year 
it  was  recommended  by  the  O.S.C.  that  extensive  converaion  of  certain 
S.B.  guns  on  this  system  should  be  carried  out  in  order  to  provide  us 
at  a  cheap  rate  with  rifled  ordnance  for  secondary  purposes  of  defence. 
FaUiser  system  I'heir  recommendations  were  earned  out  in  the  case  of  certain  guns 
•dopted,  1866.  mentioned  in  table  p.  104,  and  we  now  possess  over  2,000  of  these  con- 
verted rifled  gunsf  which  are  employed  principally  for  the  armament  of 
our  smaller  men-of-war,  and  for  coast  defences  where  the  range  is 
limited,  or  where  none  but  small  vessels  of  light  draught  could  approach. 
The  comparative  table  XII.  at  end  of  the  chapter  shows  how  great  an 
increase  in  power  we  have  obtained  by  this  mode  of  conversion. 

Intkoduction  of  Heavy  Rifled  Ordnance. 

HeaTTRM.L.       ^^  have  so  far  followed  the  history  of  our  rifled  field,  siege,  moun- 
gmis.  *    tain,  and  secondary  guns  of  defence  down  to  the  introduction  of  the 

present  R.M.L.  armament,  let  us  now  see  how  our  hea\^J  rifled  guns 
were  brought  into  the  service. 

Important  as  it  is  that  our  light  artillery  should  be  so  well  equipped 
that  whether  we  have  to  fight  in  the  open  field,  to  attack  a  gjreat  fortress, 
or  to  take  a  mountain  stronghold,  our  field,  siege,  and  mountain  guns 
shall  prove  all  that  can  be  desired,  still  more  important  is  it  that  the 
heavy  guns,  which  constitute  the  principal  armament  of  our  ships  of 
war  and  coast  defences  should  be  the  most  powerful  in  the  world. 

Here  we  cannot  aflbrd  to  be  behindhand,  but  must,  as  the  greatest 

naval  power,  rather   lead  the  way  and  retain  om*  supremacy  at  sea, 

arming  both  ships  and  forts  with  guns  more  powerful  than  any  which 

they  will  have  to  encounter. 

Progress  made       Fortunately  we  are  not  wanting  in  this  respect,  but  have  since  1860 

since  1860.         made  such  progress  that  whereas  at  that  date  our  heaviest  piece  of 

ordnance  for  direct  fire  was  the  S.B.  68-pr.  of  95  cwts.,  which,  throwing 
round  shot  of  68  lbs.  could  not  pierce  5  inches  of  iron  at  200  yards,  we 

*  Amongst  other  modes  tested  were  the  strengthening  the  gun  at  the  breech  end 
with  a  wrought-iron  jacket  shrunk  over,  the  use  of  a  bronze  jacket,  of  wrought  iron 
rings  shrunk  on,  &c.    Various  tuhes  were  also  tried,  made  of  steel,  &c. 

t  Most  of  these  pieces  have  been  converted  in  the  R.G.F.,  but  some  hundreds  have 
been  completed  by  the  E.O.C.  It  Avill  be  evident,  vide  pp.  9,  10,  that  the  inner 
barrel  of  these  pieces  is  of  too  soft  a  material,  and  the  outer  casing  too  brittle  to 
allow  of  heavy  charges  being  used  with  them,  but  as  a  measure  of  economy  it  has 
allowed  of  our  rapidly  turning  old  S.B.  guns  into  much  more  powerful  rifled  ordnance. 

X  Guns  over  5  tons  weight  are  designated  heavy  guns. 
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now  have  80-ton  guns  capable  of  driying  gigantic  bolts  of  1,700  lbs.  or    CHAP.  IV. 

more  through  some  24  inches  of  iron  at  a  distance  of  ]  ,000  yards.  

Let  us  trace  this  progress  since  the  middle  of  the  18th  centurj,  from  Progress  made 
which  date,  excepting  in  the  introduction  of  carronades,*  hardlj  any  "??1,^®- 
advance  was  made  in  the  construction  of  ordnance  until  1830,  when  VL*^^^,;— 
General  Millar,  B.A.,  the  head  of  the  Gun  Factories  at  Woolwich,  c^rrona^i/' 
introduced  the  8-inch  and  10-inch  shell  guns,  for  direct  fire.     Ten 
years  afterwards,  t.e.,  in  1840,  Mr.  Monk,  chief  clerk  in  the  Depart*  s*inch  and 
ment,  proposed   the  42-pr3.  and  66-prs. ;    and  subsequently   to  this,  10-inch  83. 
Colonel    Dundas,   RA.,   who  succeeded  General    Millar,   introduced  "I^^^K^^^IWO. 
68-pr8. — a  great  stride,  as  it  was  then  thought,  in  the  progress  of  heavy  ^2»  ^^9  »nd 
ordnance,  and  so  indeed  it  was  ;  but  the  supremacy  of  the  68-pr.  was  ^^P'"*  ^®*"*  * 
not  of  long  duration.     It  is  no  longer  a  heavy  or  a  powerful  gun, 
according  to  modern  artillery  ideas.     It  has  been  dwarfed  by  its  big 
rifled  brothers  of  recent  date. 

In  1859,  as  already  mentioned,  p.  78,  R.6.L.  breech  screw  guns  were  R.B.L. 
introduced,  of  which  the  two  heaviest  natures  made  were  the  40-pr.  and  screw,  1S59. 
the  7-inch  or  110-pr.  guns.     In   1859-60,  on  service,  especially  when 
employed  on  board  our  men  of  war,  many  defects  were  found  in  this 
system,  and  in  1864,  in  consequence  of  the  objections  brought  against  Wedge  and 
liis  breech-screw  guns,  Sir  William  Armstrong  introduced  not  only  two  fhunt  gans 
natures  of  wedge-guns  (40-prs.  and  64-pr8.)f  as  an  improvement  on  the  1^??^° 
breech-screw  arrangement  in  points  of  safety  and  simplicity,  but  also 
64-pr.  muzzle-UxuHng  guns  with  shunt  rifling,  and  further  proposed 
other  shunt  guns  of  larger  calibre. 

In  1864,  also,  while  further  experiments  were  being  carried  on  with  64-pr.  R.M.L. 
wedge  B.L.  guns,  the  Admiralty  requested  that  four  64-pr.  (then  called  fi^u^  intio- 
70-prs.)  should  be  completed  as  R.M.L.  guns  with  a  bore  suited  for  ^^^^*  ^^*' 
S.B.  32-pr.  projectile  in  case  of  emergency.     Subsequently  it  was  decided 
to  complete  all  the  remaining  blocks  prepared  for  wedge  B.L.  guns  as 
64-pr.  II.M.L.  on  the  shunt  system,  hence  but  few  of  this  nature  (the 
now  obsolete  64-pr.  wedge  R.B.L.')  were  manufactured,  and  we  have  an 
exterior  similarity  between  it  and  the  64-pr.  R.M.L.,  Mark  I.  (vide 
Plate  v.). 

But  although  these  rifled  guns  were  more  powerful  than  the  S.B.  Necessity  for 
68-prs.,  they  soon  became  insufficient  for  the  modern  requirements  of  l»«a^y  rifled 
uaval  warfare,  for  the   power  and   precision  of  rifled  guns  and  the  ^^*  ^'"^ 
gi'owing  use  of  shells  which  would  burst  on  striking  a  ship's  side  and 
make   a    hole   beyond  repair,   or  having    penetrated,    burst  between  Experiments, 
decks,  dealing  death  and  destruction  around,  and  probably  setting  tire  guns  v,  armour 
to  the  vessel,  necessitated  the  use  of  iron-clad  |  ships.     To  penetrate  pl^^tes, 
these  necessitated  in  turn  the  use  of  still  more  powerful  guns,  and  then  l®60-64. 

*  As  to  S.B.  ordnance  prior  to  that  date,  and  as  to  caironades  being  introduced, 
vide  p.  63,  Chapter  111. 

*f  A  small  number  of  these  guns  were  introduced  into  the  service,  but  they  are  now 
withdrawn  and  in  reserve.    'NHde  p.  165  for  description. 

X  The  power  of  direct  shell  fire  was  perceived  only  about  50  years  ago ;  the  French 
then  adopted  the  Faixbans'  shell  gun,  and  Genend  Millar,  K.A.,  introduced  our 
10-inch  and  8-inch  shell  guns  ;  the  new  species  of  fire,  however,  was  not  much  used 
ontil  through  the  impetus  due  to  war,  its  development  advanced  pari  passu  with  that 
of  rifled  ordnance.  Nearly  all  the  naval  engagements  which  have  taken  place  of  late 
years  furnish  instances  of  the  destructive  efiect  of  shells  on  wooden  vessels  : — 

At  Sinope,  during  the  Crimean  war,  the  Turkish  fleet  was  actually  destroyed  by 
Paizhans*  explosive  shells  fired  fVom  the  Russian  vessels  "  Coustantine"  and  <*  Paris.*' 

In  the  recent  American  war  the  iron  clad  "  Merrimac  "  blew  up  by  shell  the  wooden 
vessel "  Congress,''  having  first  made  dreadful  havoc  of  the  crew  ;  and  the  *<  Kearsage  " 
smik  the  "  Alabama." 

Lastly,  at  Lissa  the  Italian  vessel  *<  Palestro  "  (partially  plated)  was  destroyed  by 
the  Anstriaa  shells. 
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CHAP.  IV.    commenced  thoee  contests  of  guns  versos  armoor  platesi  which  are  not 

yet  at  an  end.* 

As  to  the  construction  of  these  gans,  the  Armstrong  coil  system  "with 

its  subsequent  modification  was  readily  accepted  as  the  h^ty  but  the 

RL  V  MX.      ^^^  chiims  of  muzzle  loading  and  breech  IcMiding  led  to  conflicts  as 

severely  contested  as  those  of  guns  versus  iron  plates.  The  judgment, 
OpinloD  of  th6  however,  of  the  Armstrong  and  Whitworth  Ck>nmiittee  in  1865  in  favour 
Aniwtoong  and  of  M.L.  guns  was  only  in  accordance — so  far  at  least  as  heavy  guns  were 
Committee         concerned — with  the  preconceived  opinion  of  our  leading  artillerists,  for 

any  BX.  arrangement  with  guns  using  the  enormous  charges  required 

would  of  necessity  be  both  cumbrous  and  readily  liable  to  damage. 

Maanfiusture  of      Our  experience  also  in  the  wars  against  China  and  Japan  in  1863 

heavy  B.L.        showed  us  the  disadvantages  of  our  heaviest  7-inch  B.L.  guns  as  to 

stopped,  1862.    ^^^^  ^f  simplicity,  &c.,  and  in  consequence  no  heavy  guns  of  this  nature 

were  manufactured  subsequent  to  1860. 
Trial  of  R.M.L.      Between  1862  and  1866  extensive  trials  were  carried  out  against  iron 
affainitiron       plates,t  where  both  the  64-pr.  R.M.L.  already  mentioned  and  other 
plates,  1 862-66.  R.M.L.  guns  acquitted  themselves  well. 

Meanwhile  the  manufacture  of  R.B.L.  guns  was  entirely  stopped,  and 

Colonel  Campbell,  R.A.  (now  General  Campbell,  C.B.,  D.  of  A.),  who 

succeeded  Sir  W.  Armstrong  as  Superintendent  of  R.GJ'.  in  1863,  had 

already  begun  to  manufacture  experimental  R.M.L.  guns  built  up  on 

Experimental     the  Armstrong  construction  and  rified  with  the  shunt  rifling  brought 

shunt  R.MJL.     forward  by  Sir  W.  Armstrong  (the  64-pr.  R.M.L.  shunt  was  finally 

guns,  1863.        approved  as  a  S.S.  gun  in  March  1865)  when  the  Admiralty  proposed 

the  construction  of  built  up  S.B.  guns  of  large  calibre  to  penetrate  iron 
100  and  160^  armoured  ships  at  close  quarters.  Accordingly  in  1864  two  natures 
8.B.gim8, 1864.  ^ere  constructed  on  the  Armstrong  principle,  viz. :  lOQ-pr.  of  9"  calibre 

and  150-pr.  of  10*5''  calibre.     It  soon  appeared  evident,  however,  that 
the  so-called  **  racking  efiect  "|  of  the  spherical  projectiles  fired  &om 

*  Shoeboryness,  where  these  trials  were  carried  out,  is  situated  on  the  upper  bank 
of  the  mouth  of  the  Thames,  and  was  a  Danish  encampment  in  the  9th  centory.  It 
was  purchased  by  Govermnent  for  an  artillery  practice  gromid  on  account  of  the 
long  fange  afforded  by  its  far  stretching  sands.  In  1849  the  first  gunnery  practice  took 
place  there,  and  "  Shoeburyness "  then  comprised  only  8  acres  of  uplimd  occupied 
by  two  officers  and  a  gon  detachihent ;  but  field  by  fidd  was  purchased  as  the 
Bcienoe  of  artillery  progressed,  and  there  are  now  216  acres  of  upland  and  6,51S 
acres  of  sands,  Govemment  property-.  A  straight  row  of  pegs  extends  for  10,000 
yards  along  the  sands,  and  at  the  ebb  of  certain  tides  a  range  can  be  measured  and 
the  shot  recovered  up  to  12,000  yards,  seven  miles  say. 

On  the  Ist  of  April  1859  the  School  of  Gunnery  was  established  with  a  com- 
mandant and  numerous  staf^  a  number  of  officers  and  non-commissioDed  oificen  of  the 
Kojral,  Militia,  and  Volunteer  Artilleries  undergo  a  course  of  training  there  annually, 
whilst  the  experiments  which  are  carried  on  with  guns  and  armour  plates  attract 
the  attention  of  the  scientific  and  artillery  world. 

f  Vide  the  valuable  report  on  **  The  Penetration  of  Iron  Armour  plates  by  Steel 
"  Shot,  Ac.,**  1866,  by  Major  W.  H.  Noble,  Royal  Artillery. 

X  This  rather  retrograde  movement  was  due  to  the  fact  that  the  U.S.  navy  were 
then  armed  with  powerful  S.B.  guns,  throwing  very  heavy  round  shot  with  low 
velocities.  The  supposed  effect  of  such  fire  was  shown  in  the  recocda  of  the  experi* 
ments  above  mentioned  carried  on  against  iron  plates,  to  be  very  moeh  leas  than 
supposed,  the  racking  thus  is  now  quite  exploded  and  the  construction  of  very  heavy 
8.B.  ordnance  abandoned  even  in  America,  where  this  theory  was  most  strongly  held. 

The  following  quotation  is  taken  firom  the  report  of  the  Chief  of  Ordnanee,  U.S. 
Army,  to  the  Secretary  of  State  for  War  of  1875 : 

**  Bifle  guns  ranging  from  8  inches  to  12  inches  in  calibre,  with  power  ■ofieient 
to  penetrate  at  considerable  distances  the  armour  of  ironclad  veaaels,  must  be  pro- 
vided. The  hoariest  rifles  are  the  guns  of  the  present,  as  they  will  be  of  the  fiitme, 
and  while  smooth-bores  may  for  some  time  to  come  play  a-secondaiy  part,lbr  want 
of  a  more  powerful  weapon,  they  must  inevitably  yield  to  the  rifie  in  eveiy  tmportaot 
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such  pieces  would  be  powerless  against  the  iron  plating  which  each  year    CHAP.  IV. 

became  stronger.    In  fact  such  good  results  were  obtained  from  the  64-pr.  

M.L.  shunt  gun,  as  well  as  from  larger  experimental  guns  on  the  same  ^^  !!?fr!S* 
system  of  rifling  and  construction,  that  the  Ordnance  Select  CJommittee  ^^     M-L.^ 
suggested  (Report  No.  3553,  25/11/64)  that  the  above  two  natures  shnnt  gims 
of  S.6.  guns  should  be  also  rifled  on  the  shunt  system.  1864. 

They  were  found  to  be  of  too  weak  a  construction  for  that  purpose,*  B.M.L. 
and  in  1864  it  was  proposed  to  make  heavier  pieces  ;  a  few  12-inchf  and  ??^?'®^  *°^ 
13-inch  guns  were  therefore  ordered  in  1864,  and  the  latter  (of  which  orfSedff^ 
only  four  were  made)  were  rifled  with  the  shunt  rifling. J  1864. 

The  shunt  system  of  rifling  had,  however,  some  disadvantages,  as  Woolwich 
pointed  out  at  p.  47,  and  was  soon  succeeded  (in  1865)  by  the  so-called  gumi  intro- 
Woolwich  system§  which  was  adopted  after  a  long  series  of  competitive  duced,  1865, 
trials  carried  on  with  7-inch  built  up  gims  rifled  on  various  representative 
systems.lj 

Introduction  of  Woolwich  Guns^  1865. 

There  was  not  much  diflerence  in  the  shooting  qualities  of  the  several 
systems,  but  in  May  1 865  the  Ordnance  Select  Committee  reported  in 
favour  of  adopting  the  Woolwich  system  of  rifling  in  which  the  groove 
as  shown  below  is  a  modification  of  the  groove  then  used  with  the 
French  heavy  guns.ir 


The  shunt  system  was  therefore  abandoned,   and  the  M.L.  7-inch  Sbant  rifling 

abandoned. 

jmicture,  as  the  old  smooth  bore  musket  has  given  place  to  the  breech-loading  rifle 
in  the  hands  of  the  soldier.  While  thus  expressing  the  conviction  that  the  days  of 
smooth-bore  ordnance  are  passing  away,  I  desire  to  call  attention  to  the  fact  that  the 
first  grand  stride  toward  the  introduction  of  great  guns  in  any  service  was  made  in 
this  country  by  the  late  General  Rodman  of  the  Ordnance,  whose  reputation  as  an 
ordnance  officer  is  world  wide,  and  that  the  15-inch  gun  he  first  made  in  1861  was 
the  most  powerful  weapon  then  known,  soon  to  be  surpassed  by  the  20-inch  smooth 
bore,  made  in  1864,  weighing  116,000  lbs.,  and  throwing  a  shot  weighing  1,080  lbs. 
The  introduction  of  iron  clads  in  modem  warfare  calls,  however,  for  the  penetrating 
power  of  heavy  rifles,  and  the  smashing  and  racking  effect  of  a  15-inch  smooth  bore 
must  yield  to  the  working  energy  of  a  12-inch  rifle  that  will  pierce  tbe  thickest  iron 
armour  at  long  distances." 

*  They  were  too  weak  longitudinally  for  rifled  guns,  as  pointed  out  by  the  Super- 
intendent R.G.F.,  subsequently,  indeed,  to  bis  giving  this  opinion,  two  of  the  ISO-prs. 
blew  out  their  breech  during  practice.  Tbe  150-prs.  are  obsolete,  and  have  been  re- 
turned into  store.    The  lOO-prs.  are  used  for  S.S.  drill  purposes  only. 

t  These  25-ton  guns  were  not  tried  until  1866,  and  were  rifled  on  the  Woolwich 
system,  vide  p.  284. 

J  The  only  guns  rifled  on  this  principle  now  in  our  service  are  64-pr.  R.M.L.  of 
'Marks  L,  II.,  and  HI.,  which  were  made  prior  to  1871,  and  which  have  not  been 
re-tnbed  since  then. 

The  obsolete  13^^*05  gun,  vide  p.  287,  was  first  rifled  with  shunt  rifling,  but  as  ex- 
plained, were  bored  up  and  rifled  with  Uie  Woolwich  groove. 

§  For  deseription,  vide  Chapter  II.,  p.  48. 

II  For  farther  account  of  these  guns,  vide  note  at  end  of  Chapter  IL,  p.  60. 

%  The  O.8.C.  considered  this  system  the  best,  both  on  account  of  the  simple  form 
of  groove,  the  simplicity  of  stnddmg  the  projectile,  and  the  advantage  it  offered  in 
aUowing  of  the  use  of  the  increasing  twist. 


INTBODDCTION  OF   BUXED  ORDNANCE. 


CHAP.  IT. 

Woolwich 
gniisiDtro- 
duMd,  186S. 
Deflnitionot 


8-inch  (nd 
9-iiichgiin, 

1669. 


Ori^nal 
conHmetion, 
1868  to  1867. 


gune  in  coarse  of  mumfacture  -were  rifled  on  this  principle,  upon  which 
al)  our  heavy  pieces  since  have  been  rifled. 

The  7-inch  referred  to,  and  introduced  into  the  service  in  1865,  Were 
the  firat  of  the  so-called  Woolwich  guns,  which  then  meant  wrought 
iron  M.L.  gutu,  built  up  on  Sir  W.  Armstrong' fprineipie,  improved  upon 
by  hooking  thecoiUocer  one  another,  and  having  solid  ended  tteel  barrdt, 
rifled  on  the  igttem  shoan  above,  for  studded  projectiles. 

The  8''  and  9"  guns  (Woolwich)  were  also  introduced  ia  1865,  and 
a  few  12"  guns  of  25  tons  were  completed  by  1866,  being  built  like  the 
previous  guns  on  what  wrs  called  the  "  original  construction  "  or  that 
of  Sir  W.  ArmstroDg  (vide  p.  30),  where  a  forged  breech-piece 
and  a  number  of  thin  coils  are  used. 

This  original  construction,  though  it  gave  great  Btreagth  and 
efGciency,  was  a  very  eipensive  construe tion,*  and  so  far  back  as 
October  1864  the  attention  of  the  Ordnance  Select  Committee  had  been 
drawn  to  iLe  desirability  of  obtaining  some  cheaper  mode.  In  1863, 
upon  Ilia  appointment  as  Superintendent,  Colonel  (now  General)  Camp- 
bell, C.B.,  applied  himself  energetically  to  the  question  of  decreasing  the 
cost  without  decreasing  the  strength  of  our  heavy  guns.  A  coarser  and 
cheaper  iron  was  by  his  exertions  obtained  and  used  with  much  snccess 
ia  the  manufacture  of  the  bar  iron  for  the  coils. 


BIr.  FnMT'i 
modifleUion 
proposed  In 
1867. 


Relantion  of 
the  IbTged 
brccch-piece 
tiU  1666. 
Abolition  of 


thCH 

1867. 


Frater  Construction. 

Next  came  the  question  whether,  in  addition  to  using  a  cheaper 
material,  the  absolute  construction  of  the  giin  could  be  improved,  sim- 
plified, and  also  made  less  expensive.  In  April  1867,  Mr.  Frascr,  the 
Deputy  Assistant  Superintendent,  Royal  Gun  Factories,  proposed  a  plan 
which  was  recommended  by  General  Campbell  to  supersede  the  original 
or  Armstrong  construction.  The  Eraser,  or  cheap  eonstruction,t  is  an 
important  modification  of  the  Armstrong  system,  and  differs  from  it 
chiefly  in  building  up  a  gun  with  a  few  large  single  or  double  coils  made 
with  bars  of  larger  section,  instead  of  several  finely  finished  sbgle  coils, 
in  welding  tlie  trunnion  ring  to  other  coils,  and  also  in  doing  away  with 
tie  expensive  forged  breech-piece. 

In  tbc  earlier  Frascr  guns  the  modified  construction  wasonly  partially 
adopted,  and  the  64-pr.,  7",  8",  and  9",  Mark  II.,  few  of  which  were 
made  in  1866,  retained  the  forged  breech-piece.  Since  1867,  however, 
these  natures,  and  indeed  all  our  heavy  guns,  have  been  made  entirely  on 
the  Fraser  modification  of  the  Armstrong  principle  and  without  any 
forged  breech-piece. 

The  theoretical  advantages  and  otherwise  of  the  origioal,  the  partially 
modified,  and  the  modified  construction  have  already  been  discussed  in 
Chapter  II.,  p.  32,  so  wc  need  only  mention  here  that  experimental 
practice  proved  ^  that  the  two  latter  were  as  strong,  if  not  stronger  than 
the  first  mentioned,  as  was  to  be  expected. 


> 


*  The  cost  of  the  gunii  being  in  round  numben  aboat  100/.  a  ton ;  that  of  our 
preicDt  coDatructioB  isonly  about  65/. 

t  Vide  p.  31,  Chapter  II.,  an  to  theoretical  advgnUgeB  of  thji  constnictiou. 

t  Bit  in  the  mflBntime  the  navy  reqnired  cheap  6*-prt.,  and  two  "  FM«er"gan* 
were  lcsl«d  to  deatnictioD,  to  aMertain  whether  either  paltern  would  BnBwer.  One 
(Kxpl.  No.  330)  vu  known  oh  the  B  pattern  (see  Mark  II.,  Plate  V.),  the  other 
(Expl.  Va.  ai7)  »  the  D  (see  Mark  III.,  Plate  V.}.  The»e  experimental  gon*  find 
Mkoli  a,U(M)  MTvice  roondt  (charge  6  Ibi.),  and  abnormal  charges  1>ein|t  Otea  nied. 
the  B  giiD  burst  into  88  piec«,  after  a  total  number  of  S,a70  rounda,  and  the 
U  gun  allet  3,31 1  romida  bliew  oat  its  inner  barrel,  leaving  the  breech  portion  oa  its 
oaniagi',  ^id  itill  toond. 
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Of  the  9-inch  guns  manufactured  on  the  later  Eraser  construction,    CHAP.  TV. 

about  100  had  passed  proof^  and  the  soundness  of  the  system  was  gene-         

rally  recognised,  when,  in  1868,  a  9-inch  gun   of  that  pattern  burst  ^-hich  guns, 
violently  at  proof,  and  further  trials  were  consequently  carried  out,  as  Bursting  of  a 
mentioned  at  p.  31,  with  two  cheap  9-inch  puns ;  one  gim.  No.  332,  9-inch  gun  at 
having  a  thin  steel  tube  and  two  layers  of  iron,  while  the  other.  No.  368,  P^of,  1868. 
had  a  tube  3  inches  thick,  but  only  one  layer  of  iron. 

Both  guns  behaved  well  under  trial,  and  it  was  decided  to  construct 
7-inch  and  8-inch  guns  as  before,  on  the  No.  368  type,  but  to  make  Final  trial  of 
9-inch  guns  and  upwards  on  the  No.  332  type.*  9-inch  guns. 

-  Up  to  April  1867,  therefore,  all  our  heavy  R.M.L.  guns  were  made  on 
the  original  construction,  like  the  9-inch  gun,  Mark  I.  {see  Plate  XII.), 
and  from  that  date  up  to  August  1869  nearly  all  have  been  made  like 
the  9-inch  gun  No.  368,  or  Mark  III. — Le.^  consisting  only  of  four  parts, 
viz.  steel  tube,  cascable,  B  tube,  and  breech  coil — and  7-inch  and 
8-inch  guns  are  still  made  in  the  same  way. 

The  alteration  which  then  took  place  in  the  manufacture  for  9-inch 
guns  simply  consists  in  having  a  thinner  steel  tube  and  two  coils  on  the 
breech  {see  Mark  IV.  and  V.,  Plate  XII.),  instead  of  one  triple  one. 
The  higher  natures  are  made  in  the  same  way,  but  have  a  "belt"  in 
addition,!  and  in  the  80-ton  gun  we  have  another  coil  in  the  front  80-ton  gon. 
layer  of  iron  termed  a  2  B  coil,  otherwise  its  construction  is  the  same 
as  that  of  the  other  natures  except  in  some  minor  details  (vide  p.  175). 

Heavy  R,M.L.  Guns  since  1867. 

So  much  as  to  the  origin  and  present  employment  of  the  Fraser  con^ 
struction,  with  which  we  arc  quite  satisfied,  and  which  has  given  such 
excellent  results  in  the  80-ton  gun.  To  return  once  more  to  the  history 
of  our  heavier  guns :  we  see  that  in  1867  64-pr.  7-inch, J  8-inch,  and  9-incli 
guns  had  already  been  introduced.  Owing  to  the  success  of  the  9-inch 
gun  it  was  decided  in  1868  to  introduce  a  gun  of  lO-inch  calibre  into  lo-inchgmw, 
the  service.  A  few  of  these  powerful  pieces  (25)  were  made  of  the  1868. 
same  pattern  as  the  9-inch  gun,  Mark  III. ;  but  the  remainder,  manu- 
factured subsequently  to  August  1869  are  of  the  construction  of  9-inch, 
Mark  IV.  type  (vide  Plate  XII.). 

We  have  about  250  of  10-inch  guns,  both  land  and  sea  service ;  they  are  Penetration  of 
capable  of  piercing  about  12  inches  §  of  iron  at  1,000  yards.     Some  of  lO-inch  guns, 
these  pieces  were  constructed  on  the  pattern  of  Mark  II.,  9-inch  gun  ; 
but  as  above  explained,  all  made  since  1869  are  on  slightly  different 
construction,  both  for  convenience  and  economy  of  manufacture,  as  well 
as  for  sound  theoretical  reasons. 

As  already  mentioned,  a  few  (4)  12-inch  guns  of  25  tons  weight  were  12-inch  irons  of 
proposed  as  early  as  1864  ;  these  were  made  on  the  original  construction  25  tons, 
and  completed  in  1866.     Between   1866  and  1871  some  other  guns  of  1866-71. 


*  This  pattern  costs  about  the  same  as  the  other,  the  extra  expense  of  making  two 
breech  coils  being  compensated  for  by  the  lighter  steel  barrel.  Good  reasons  for 
preferring  this  construction  for  heavy  guns  would  be  that  the  inner  coil  can  be  made 
of  twice  rolled  or  forged  (t.e.  superior)  iron,  and  with  greater  perfection,  and  also  that 
the  thinner  the  tube  the  more  will  it  be  compressed  by  the  shrinking,  and  strengthened 
accordingly. 

t  See  extracts  from  Proceeding  of  the  Ordnance  Select  Committee  for  1864-9. 

X  As  mentioned  at  p.  1 74,  some  of  the  T'  of  6^  tons  have  been  reduced  to  still  lighter 
gons  of  90  cwts.  for  naval  service  against  wooden  ships,  &c. 

§  According  to  Captain  Noble's  formula,  vide  plate  at  end. 
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CHAP.  IV.     this  nature  were  manufactured  on  the  same  type  as  the  lO-inch,  Mark  II. 

These  gims  are  no  longer  being  made,  and  if  re-tubed  are  converted  into 

11-inch  guns,  11-inch  guns.  The  twist  of  rifling  of  these  pieces  is  hardly  sufficient, 
1870.  from  1  in   100  to   1  in  50 ;  and  they  are  not  such  accurate  shooting 

pieces  as  most  of  our  Woolwich  guns. 

O.S.C.  Pro-  An  11 -inch  gun  was  recommended  in  1867  for  trial  in  comparison 

ceedingg,  1865,  with  the  12-inch,  in  order  **  to  determine  what  calibre  and  proportional 
pp.  15,  94.  length  of  bore  were  best  adapted  to  a  gun  of  from  23  to  25  tons 
P  etnti  f  ""^'ght."  The  question  was  decided  in  1870  in  favour  of  the  smaUer 
11-lnch  iruns.     calibre,  and  since  that  date  a  number  of  these  pieces  have  been  made ; 

their  penetration  at  1,000  yards  would  be  about  11  inches  of  iron. 

Experimental  In  1870  also,  as  mentioned  at  p.  87,  further  experiments  were  carried 
howit«CT8,  out  with  regard  to  heavy  B.M.L.  howitzers  meant  to  take  the  place  of 

large   S.6.   mortars  for  coast  defences  and  fortresses;    these   pieces 

9-inch  and  10-inch  howitzers  are  still  under  trial. 


1870-76. 


Committee  on  Explosives, 

Committee  on  About  this  date  much  light  began  to  be  thrown  upon  the  question  of 
Explodves  gun  construction  through  the  labours  of  the  Committee  on  Explosives 
?«fio"*^"*       appointed  in  1869,*  to  whose  valuable  scientific  researches,  carried  on 

with  the  improved  instruments  described  in  Chapter  XIII.,  we  owe  a 
Important  ^^^  great  increase  of  knowledge  as  to  the  pressures  to  which  a  gun  is 

results  of  their  subjected  in  the  powder  chamber  and  other  parts  of  the  bore  on  the 
investigations,    explosion  of  the  charge.     It  was  seen  that  by  modifying  the  nature  of 

powder  used  we  could  so  diminish  the  pressure  with  veiy  heavy  charges 
that  guns  might  be  made  of  a  size  much  larger  than  any  we  possessed, 
from  which  heavy  projectiles  could  be  fired  with  sufficiently  large  charges 
yet  without  straining  the  piece  inordinately. 

35-ton  guns,  In  1871,  therefore,  we  advanced  a  step  further  by  completing  a  35-tOB 

1870.  gun  of  11*6"  calibre,  but  experiments  having  proved  that  this  calibre  is 

not  suitable  for  the  efficient  combustion  of  120  lbs.  of  "  P  "  (pebble) 
powder,  the  proposed  battering  charge  of  the  gun,  it  was  decided  to 
bore  it  out  experimentally  to  12",  and  to  complete  the  first  nine  gons 
38-ton  gum,      required  at  once  by  the  navy  to  that  calibre.     This  nature  of  gun,  ori- 
1873.  ginaUy  made  for  turret  ships,  proved  rather  short  for  its  other  dimen- 

sions ;  a  pattern  for  a  38-ton  gun  about  3  feet  longer  in  the  bore  was 
provisionally  approved  of  in  1873. 

Experiments  made  by  the  Committee  on  Explosives  with  such  a  gun, 
bored  out  first  to  12  inches  and  then  to  12 '5  inches,  showed  that  the 
latter  calibre  was  the  most  suitable  of  the  two.  It  was  consequently 
approved  in  November  1874,  that  the  calibre  of  this  piece  should  be 
12*5  inches,  the  charge  and  projectile  being  provisionally  110  lbs. 
P.  powder  and  an  800  lb.  shell. 

Further  experiments  by  the  Committee  enabled  them  to  report  that 
with  an  800  lb.  shot  and  130  lbs.  of  powder  no  excessive  pressure  was 

♦  Colonel  Younghnsband,  F.H.S.  (President),  Captain  A.  Noble,  F.R.S.,  CJL, 
Captain  W.  H.  Noble,  R.A.,  F.  A.  Abel,  Esq.,  F.R,S.,  Captain  C.  Malony,  RJL., 
Captain  Morgan  Singer,  H.N.  (members),  as  originally  appointed. 

The  constitution  of  this  <;ommittec  has  been  altered  from  time  to  time;  at 
present  it  consists  of:  President,  Colonel  Yonnghusband,  R.A.,  F.R.S. ;  Members, 
Captain  Singer,  R.N.,  Colonel  Fraser,  R.N.,  Colonel  Hay,  R.A.,  Captain  A.  Noble, 
F.  Abel,  Esq. ;  Captain  C.  Jones,  R.A.,  Secretary. 
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occasioned  at  any  point  in  the  bore  when  these  charges  were  employed    CflAF.  IV. 

with  the  curve  or  rifling  of  the  experimental   gun.     They  therefore         

recommended  that  the  parabolic  curve  of  rifling  (increasing  twist)  with 
a  twist  of  from  0  at  the  breech  to  1  in  35  at  the  muzzle  should  be 
adopted.  This  was  finallj  approved  of  in  January  1875,  and  since  that 
date  a  number  of  38-ton  guns  have  been  manufSoctured  both  for  the 
armament  of  our  coast  defences  and  men-of-war. 

The  absolute  necessity,  however,  of  our  manufacturing  larger  ordnance  Heavy  guns  of 
in  order  not  to  be  led  behind  by  other  nations  was  evident  from  the  Foreign 
fact  that  experimental  guns  were  at  this  time  in  process  of  manufacture  Powers,  1876. 
by  or  for  foreign  navies,  much  exceeding  in  effective  power  our  38- ton 
gun.    This  will  be  seen  from  Table  XIII.,  at  p.  105,  of  such  guns  which 
have  been  made  or  are  in  course  of  manufacture  at  this  date  (1877). 

In  addition  to  this,  although  the  power  of  our  guns  had  so  far  kept  well 
up  with  the  defensive  power  of  iron  shields,  yet  as  the  latter  continued 
to  increase  in  thickness  it  was  evident  we  should  have  to  acknowledge 
that  guns  were  beaten  unless  we  further  developed  their  power.  In  Foreign  iron* 
1873,  indeed  the  Russians  were  hard  at  work  upon  a  man-of-war,  "  Peter  clads,  1878-76. 
the  Great,"  which  was  to  carry  20  inches  of  armour ;  the  Italian  ships 
^Duilio*'  and  ^'Dandalo  "  were  to  have  20  inches  of  iron  plates;  and 
other  nations  were  moving  in  the  same  direction. 

We  had  no  guns  capable  of  piercing  such  a  mass  of  metal,  and  in  the  Gun  required 
same  year  the  Director  of  Naval  Ordnance  applied  to  the  War  Office  to  pierce 
authorities  for  a  gun  capable  of  sending  its  projectile  through  20  inches  *^|"™°^  ^^ 
of  iron  at  1,000  yards;  the  Admiralty  at  the  same  time  proposed  a  *^*   '       7     «• 
design  for  a  turret  ship  capable  of  carrying  four  such  guns.* 

The  data  possessed  as  to  the  piercing  power  of  guns  is  very  incom* 
plete  (vide  Chapter  XIII.,  p.  334),  so  that  the  problem  was  not  an  easy 
one.  At  a  meeting  6f  the  Heads  of  Departments,  however,  it  was 
decided  that  an  expeiimental  gun  should  be  manufactured  to  weigh 
about  75  tons,  and  to  be  24  feet  long  in  the  bore,  vnth  a  calibre  of 
14  inches,  this  calibre  to  be  subsequently  bored  up  to  15  and  16  inches 
successively  in  order  to  determine  the  proper  calibre,  rifling,  charge, 
&c.  &c. 

In  the  early  part  of  1874,  the  Admiralty  acquiescing  in  the  suitability  so-ton  gun 
of  such  a  ^n,  the  Secretary  of  State  for  War  ordered  its  manufacture,  ordered,  1874. 
the  cost  ol  the  piece  being  estimated  at  about  8,000/.  and  its  weight 
80  tons. 

It  was  anticipated  that  such  a  piece  of  ordnance  would  suit  a  projectile  Projectile  and 
of  1,650,  and  utilise  a  charge  of  about  300  lbs.  of  powder,  so  as  to  give  a  charge. 
M.V.  of  1,400  f.s.    The  question  of  length  offiered  no  difficulties,  thanks  to        .. 
the  improved  methods  of  loading  by  endless  chainf  or  hydraulic  rammer,  j:  ^^itT 
and  it  was  decided  that  the  bore  should  be  18  calibres  in  length. 


♦  This  vessel,  the  "  Inflexible,"  is  now  (1877)  launched,  and  in  a  very  forwardstate. 

f  The  method  of  loading  guns  by  means  of  an  endless  chain  has  been  worked  out 
in  the  B.C.D.,  and  promise  ^e  most  favourable  results. 

%  See  an  interesting  account  of  this  arrangement  in  the  Proceedings  of  Institute 
C.E.,  by  Mr.  G.  liendell,  of  the  Elswick  Ordnance  Co.,  to  whom  we  are  indebted 
principally  for  this  admirable  adaptation  of  hydraulics. 
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CHAP.  IV. 


14'5-iiich 
calibre. 

Pire  proof. 


This  experimental  gun  was  manufiEtctured  on  the  Fraser  construction 
in  the  usual  manner  (with  the  slight  difference  due  to  its  size),  having 
a  steel  tube  and  a  few  heavy  coils.  It  was  completed  in  September  1 875^* 
being  bored  up  at  once  to  14*5  inches  calibre  (owing  to  the  success  of 
the  12 '5-inch  calibre  with  the  38-ton  gun),  rifled  with  11  grooves,  twist 
increasing  from  0  to  I  in  35.  It  was  proved  with  6  rounds  of  charges 
increasing  from  170  to  240  lbs.  and  1,260  lbs.  projectile,  giving  with  the 
last  mentioned  a  M.V,  of  1,550  f.8. 


Velocity  and 

penetrative 

power. 


16-inch  calibre. 


154nch  calibre       Further  experimental  firing  took  place  in  December  1875,  and  the 
and  chamlWred.  S^^  being  bored  up  successively  to  15  inches,  chambered  to   16  inches, 

ivide  p.  40),  and  again  bored  up  to  16  inches,  was  tested  in  March,  April, 
Fuly,!  and  August  1876,  with  gradually  increasing  weights  of  shot  and 
powder.  With  a  projectile  of  1,700  lbs.  it  gave  as  much  as  542  f.-tons 
per  inch  of  shots  circumference  at  the  muzzle,  or  a  piercing  power  at 
1,000  yards  of  over  21  inches  of  iron. 

In  September  1876  this  gun  was  sent  to  Shoeburyness  for  trial  as  to 
range  and  accuracy  and  proved  in  that  respect  very  satisfactory,  the 
practice  in  that  month  and  the  next,  with  shot  of  the  weight  above 
given,  and  a  charge  of  370  lbs.  P*  powder,  being  very  good.  Thus  in  a 
series  of  rounds,  at  a  range  of  about  4,700  yards,  or  nearly  three  miles, 
the  mean  error  of  direction  was  but  1*8  yards,  and  that  of  range  under 
15  yards. 

In  January  1877,  the  tubc^  weakened  as  it  was  by  the  holes  bored 
for  a  number  of  crusher  plugs,  gave  way  under  the  large  number  of 
heavy  charges  fired,  and  a  slight  crack  appeared  running  some  little 
way  into  the  powder  chamber.  However,  as  a  target  (composed  of  four 
8-inch  plates,  with  intermediate  layers  of  teak)  had  been  already  pre- 
pared, it  was  resolved  to  carry  out  the  trials  arranged,  and  in  February 
the  gun  was  fired  against  the  target,  at  a  distance  of  120  yards,  the 
projectile  passing  through  three  of  the  plates  and  entering  the  fourth 
to  a  depth  of  about  two  inches.  The  crack  in  the  tube  developed 
still  more,  and  the  gun  has  been  brought  back  to  the  Arsenal  to  be 
chambered  to  18  inches,  after  which  it  will  be  further  tried  against  iron 
plates. 


Chambered  to 
18  inche8. 


Poor  80-ton 
gans  under 
manufacture. 


The  manufacture  of  four  guns  of  the  same  weight  and  calibre  is  now 
(March,  1877)  rapidly  progressing  ;  and  although  as  far  as  rifling, 
sighting,  &c.  are  concerned  they  cannot  be  furnished  until  the  completion 
of  the  trials  with  the  experimental  gun,  yet  they  will  otherwise  be  built 
up  and  completed  this  year. 


*  Thus  taking  1 8  months  to  complete.  Of  this  time  scTeral  months  were  occupied 
by  the  necessity  of  providing  enlarged  plant  in  the  K.G.F.  for  the  manufactnre  of 
so  bouncing  a  Woohrich  Infant. 

f  While  the  80-ton  experimental  gim  was  firing  ita  flat*headed  trial  bolts  of 
1,700  lbs.,  into  the  butts  at  the  Woolwich  marshes  in  July  1876,  an  Italian  storeship 
was  lying  in  the  river  close  by  having  on  board  a  100-ton  II.M.L.  gun,  made  by  the 
Elswick  Ordnance  Company  for  the  Italian  Government  as  a  part  of  the  armament 
of  the  Italian  men-of-war  before  mentioned.  This  gun,  as  will  be  seen,  Table  Xlll., 
p.  105,  is  intended  to  fire  projectiles  of  2,000  lbs.  weight.  In  manufacture  a  bold 
experiment  has  been  made  ;  the  steel  tube  consisting  of  two  pieces  secured  together, 
the  joint  being  made  still  further  complete  by  means  of  a  copper  gas  check.  Thiit 
gun  has  since  proved  a  very  great  success. 
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Even  tbe  16-iiich  gun  of  80  tons,  however,  will  soon  have  to  be  dis-    CHAP.  IV. 

tanced,  and  in  consequence  designs  have  already  been  sent  up  from  the  

R.6.F.  for  a  gun  capable  of  piercing  36  inches  of  iron  at  1,000  yards. 


Resume  as  to  Service  Guns. 

To  sum  up  in  brief  the  history  of  our  heavy  guns  to  the  present  Beflom^  as  to 
date :  heavy  guns* 

Prior  to  1859  our  armament  consisted  exclusively  of  S.B.  pieces,  Our  armament 
with  the  exception  of  a  few  rifled  guns  tried  subsequently  to   1864,  smooth-bore 
such  as  those  of  Lancaster  (p.  76),  which  were  not  adopted,  although  a  prior  to  1859. 
few  S.B.  guns  rifled  on  Mr.  Lancaster's  principle  were  employed  in  the 
Crimean   war  without  much   success.      Sir  W.   Armstrong's   R.B.L.  Lancaster 
wrought  iron  (or  steel  and  vn'ought-iron)  built  up  guus   using  lead  o^' 
coated  projectiles,  were  adopted  in   1859,  and  large  numbers,  roundly 
about   3,500,  of  these  pieces   of  calibres,  varjing  from  2'5  inches  to  R.B.L.gnns, 
7  inches,  were  manufactured  between  1859  and  1863.     We  obtained  by  1859  to  1868. 
this  means  an  armament  surpassing  at  the  time  in  power  that  of  other 
nations,  but  found  that  although  the  general  principles  of  construction 
were  good,  yet  that  the  B.L.  system  itself  was  faulty. 

In  1863  we  therefore  began  tentatively  to  manufacture  R.M.L  guns  R.M.L  gma 
of  similar  construction,  and  after  an  extended  series  of  experiments,  in  introdaced 
which  every  promising  system  of  construction  and  rifling  had  a  fair 
trial,  we  finally  adopted  in   1865  as  the  best,  the  so-called  Woolwich  original  con- 
guns,  where  the  guns  were  built  up  on  the  Armstrong  principle,  but  struction,  1865. 
were  M.L.  and  rifled  on  a  modification  of  the  French  system,  using 
studded  projectiles. 

In   1867  the  construction  of  these   guns   was   much  improved  and  Fraser  con- 
cheapened  through  the  important  modScation  proposed  by  Mr.  Fraser,  struction,  1867. 
C.E.,  and  carried  through  by  General  Campbell,  C.B.,  R.A.  (then  Super- 
intendent R.G.F.). 

Since  that  date  great  numbers  of  heavy  Woolwich  guns  have  been  d5-ton  gnn, 
manufactured,  and  as  the  means  of  defence  became  developed  so  the  size  1871. 
of  our  guns  has  increased,  until  we  arrived   in  1871  at  the  d5-ton 
Woolwich  Infant,  which  subsequently  grew  into  the  38-ton  800-pr.,  while  80-ton  gun, 
in  1876  we  completed  the  80-ton  gun,  throwing  projectiles  of  1,7C)0  lbs.,  ^876. 
and  are  now  preparing  for  the  building  up  of  a  piece  of  ordnance  which 
can  pierce,  at  a  distance,  iron  armour  three  feet  thick. 

With  regard  to  medium,  siege,  field,  and  mountain  guns,  although  Siege,  field,  and 
we  ceased  to  make  R.B.L.  guns  in  1863,  it  was  not  until  exhaustive  mountain  gans. 
inquiries  had  been  completed  that  in  1870  we  carried  out  the  manu- 
facture on    a   large   scale    of  our    present  R.M.L.   siege,   field,   and 
mountain  guns,  which,  with  the  exception  of  a  few  bronze  9-prs.,  since 
withdrawn  from  the  service,  are  like  the  heavy  ordnance,  built  on  the 
Fraser  modification   of   the  coil   construction,   with    steel  tubes  and 
wronght-iron  exterior  coils,  and  which  fire  studded  projectiles.     Since  Converted 
1868  also  we  have  converted  as  an  economical   measure  some  2,000  gtms. 
S.B.  cast  iron  guns  into  more    power^  R.M.L.  pieces  on  the  Palliser 
principle. 

With  the  extensive  and  widely  scattered  possessions  of  this  great 
empire  of  Great  Britain,  which  has  ships  of  war  on  every  sea,  and 
fortresses  in  every  climate  under  the  sun,  it  is  evident  that  the  replacing 
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Classes  of 
Ordnance  in 
the  service. 


Experiments 
necessary  and 
well  paid  for 
by  results. 


in  a  few  years  the  whole  of  the  armament  of  our  immense  fleet,  and  of 
oar  coast  and  land  defences,  would  be  too  gigantic  an  operation  to 
attempt^  and  we  consequently  find  that  we  have  four  large  classes  of 
ordnance  in  the  service :  S.B.  of  cast  iron  and  bronze  to  the  number  of 
some  thousands,  besides  about  2,000  R.M.L.  converted  on  the  Palliser 
principle  from  S.B.  ordnance ;  some  3,500  RJB.L.  guns  principally  in 
reserve,  and  several  thousands  R.M.L.  pieces  of  different  descriptions^ 
Our  heavy  R.M.L.  guns,  both  in  weight  and  number,  surpass  very  much 
those  possessed  by  any  other  nation,  and  constitute  an  armament  of 
which  we  may  well  be  proud  ;  their  manufacture  is  simple,  their  power 
and  accuracy  remarkable,  and  their  cost  comparatively  soialL* 

We  have  in  England  carried  out  at  a  considerable  expense  more 
extensive  experiments  f  than  those  ever  attempted  elsewhere,  and  are 
well  repaid  for  an  expenditure  the  result  of  which  are  so  satisfactory. 

So  far  as  one  can  pry  into  the  future,  the  history  of  our  guns  will  be 
a  successful  history,  being  the  outcome  of  patient  perseverance,  of 
scientific  investigation,  and  of  a  steady  disregard  on  the  part  of  our 
artillery  authorities  of  short-lived  clamour  for  novelty,  prompted  by 
interest,  panic,  or  an  exaggerated  estimate  of  the  value  of  some  foreign 
artillery. 

Not  to  advance,  however,  is  to  go  back  in  artillery  as  in  other 
sciences,  and  on  this  account  there  is  no  doubt  that  we  must  ever  con- 
tinue to  try  and  try  again  without  grudging  too  much  a  necessaiy 
expenditure  upon  those  experiments  which  will  from  time  to  time  be 
requisite,  if  we  wish  the  history  of  our  gims  in  the  future  to  show  as 
steady  and  satisfactory  a  progress  as  that  achieved  during  the  last 
quarter  of  a  century. 


*  e.g,y  Oar  first  (experimental)  80-ton  fun  will  cost  aboat  10,000/.,  but  those  now 
in  course  of  manufsctnre  will  be  mach  less  expensive  in  proportion.  It  is  under- 
stood that  their  first  100-ton  gun  will  cost  the  Italians  16,000/.,  while  the  largest  gun 
yet  made  by  Krupp,  57  tons,  cost  15,000/. 

f  Experiments,  it  may  be  observed,  carried  out  in  the  face  of  day,  as  to  the 
accuracy  and  reliability  of  which  there  can  be  no  doubt. 
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CHAP.  V. 


CHAPTER  V. 


PRINCIPAL  OPERATIONS  IN  THE  MANUFAC- 
TURE OF  OUR  RIFLED  ORDNANCE. 


Ofekationb. 
Machinery. — Steam  hammers  and  their  power. — Manuftietare. — Steel  ingots. — 
Testing  of  steel. — Testing  machine  used. — Mana£Btcture  of  bare. — Coils  and 
coiling. — Welding. — Solid  forgings. — Trunnion  ring. — Uniting  coils  to  form  a 
tube.— Shrinking. — Mode  of  crushing. — Manu&cture  of  a  jacket — Centring. — 
Turning. — Boring. — Broaching. — Lapping. — KUUng. — Uniform  twist. — Increa- 
sing twist. — Drilling. — Screw  cutting. — Slotting  and  planing — Viewing  and 
gauging. 


Machinery. 


Communica- 
ting of  motion 
from  the  engine 
to  the  machines. 

Belts  or 
bands. 


Tooth- 
wheels. 

Spur-wheels. 


BeviU 
wheels. 

Mitre- 
wheels. 

Rack  and 
pinion. 

Worm- 
whecL 


MACHINERY.* 

In  the  Royal  Gun  Factories  steam  power  is  employed  for  driving  the 
whole  of  the  machinery,  and  also  for  working  the  heavy  hammers,  while 
hydraulic  power  is  used  in  some  of  the  heavy  cranes  and  testing 
machines.  Before  proceeding  to  detail  the  various  more  important 
operations  it  is  advisable  to  explain  briefly  some  of  the  terms  used  in 
mechanics,  in  order  to  facilitate  the  description  of  the  different  machines 
used  in  the  Department. 

Steam  engines  are  employed,  as  in  most  factories,  to  give  rotation  to 
long  pieces  of  "  shafting  '*  or  rods  of  iron  which  run  the  whole  length 
of  each  shop,  aud  cairy  a  number  of  ^^  pulleys  "  or  wheels  having  a  broad 
circumference  or  rim.  Motion  is  transferred  by  means  of  "  belts  "  or 
*^  bands  ^*  of  leather  from  these  to  similar  pulleys  attached  to  each 
machine,  this  being  the  method  usually  employed  for  communicating 
motion  from  one  axle  to  another  at  a  distance  from  it.  When  axles  are 
near  one  another  "  tooth-wheels  "  are  used  to  transmit  the  power  ;  these 
wheels  being  of  different  forms  and  sizes  according  to  the  relative 
positions  of  the  axles  and  the  work  w^hich  the  machine  is  required  to 
perfonn.  When  the  axles  are  parallel  the  ordinary  **  spur-wheels  '*  are 
used,  that  is,  wheels  in  which  the  teeth  project  ra!dially  from  the 
circumference.  If  not  parallel,  wheels  having  the  teeth  formed  on  the 
surface  of  a  cone  instead  of  on  the  circumference  of  a  circle,  must  be 
employed  ;  these  are  called  "  bevil-wheels.'* 

^^Mitre-wheels'*  are  bevil-wheels  of  equal  size  whose  axes  are  at 
right  angles  to  one  another,  and  are  much  used  for  changing  the  direction 
of  motion. 

A  ^* pinion*'  is  a  spur-wheel  with  a  small  number  of  teeth  gearing 
into  a  lai'ger  wheel  or  into  a  rack.  A  "  rack  "  is  the  name  given  to  a 
straight  piece  having  teeth  projecting  from  its  surface. 

A  "  worm-wheel "  is  a  spur-wheel  with  oblique  teeth  shaped  so  as 
to  gear  with  the  thread  of  a  screw,  and  the  combination  of  the  two  is 
one  method  of  obtaining  increased  power  by  the  sacrifice  of  velocity. 


♦  For  a  fuller  description  of  machinery,  see  "  The  Elements  of  Mechanism,"  and 
«*  Principles  of  Mechanics,**  by  Professor  T.  M.  Goodevc,  M.A. ;  also  "Woriwhop 
Appftances,"  by  Professor  Shelley,  C.E.  :  which  are  Bome  amongst  the  many  useful 
manuals  of  recent  date  upon  this  subject.  The  details  in  this  chapter  are  intended 
more  especiaUy  for  the  instruction  of  Artillery  Classes  in  the  B.G.F. 
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This  arrangement  is  in  general  use  in  steam  cranes,  for  shoald  any  part     ciIAP.  V. 

of  the  engine  get  disabled  the  screw  becoming  fixed  prevents  the  lift         

ronning  down.     Another  way  of  increasing  power  at  the  loss  of  velocity 
is  also  effected  by  using  tooth  wheels  of  different  sizes  ;  thus,  if  a  wheel 
one  foot  in  diameter  with  10  teeth  be  made  to  drive  another  five  feet  in  ^f^asUi 
diameter  and  having  50  teeth,  the  latter  will  revolve  only  once  while  po-^er. 
the  former  turns  five  times,  but  the  force  required  to  stop  the  large 
wheel  will  be  five  times  that  which  works  the  small  one,  not  taking 
friction  into  account.    "  Cone-pulleys  "  can  also  be  used  for  varying  the  Cone- 
speed  of  machines.  pulleys. 

Wheels  of  different  sizes  are  also  used  to  vary  the  rate  of  revolution  Change- 
of  the  work  without  reference  to  the  power.    For  instance,  in  the  screw-  wheels. 
cutting  lathe  there  is  only  one  screw  used  as  a  copy,  but  a  "  thread  "  of 
any  required  ^^ pitch  '*  can  be  cut  by  introducing  a  series  of  "  change- 
wheels  "  so  as  to  alter  the  ratio  of  the  revolution  of  the  work  to  that  of 
the  copy. 

A  "  screw-thread "  is  a  projecting  rim  running  spirally  round  the  Screw- 
exterior  or  interior  of  a  cylindrical  surface  ;  the  former  is  called  a  "^'^*°- 
^*  male  "  thread,  and  the  latter  a  ^^  female  "  thread,  and  the  rim  of  each 
is  shaped  so  as  to  correspond  with  the  other.     The  ^^  pitch  "  of  a  screw  ^i^ch  of  a 
is  the  distance  between  corresponding  edges  of  two  adjacent  threads  "^^^' 
measured  parallel  to  the  axis  of  the  screw,  and  is  the  distance  the  screw 
travels  when  completing  one  revolution  on  its  axis.     In  practice  the 
pitch  of  screw  bolts  is  usually  estimated  by  the  number  of  threads  in  an 
inch  of  length,  thus,  the  screw  of  the  present  pattern  copper  vent  bush  is 
called  *'  seven  threads  to  the  inch." 

Screws  are  generally  right-handed^  that  is,  the  screw  progresses  when  Generally 

turned  in  the  same  direction  as  the  hands  of  a  watch.     Left-handed  T^  i" , 
,  ,.  J  «  .  ,  •     xu     •       nanaea. 

screws  are,  however,  sometimes  used  for  special  purposes,  as  in  the  in- 
strument for  taking  impressions  of  the  bores  of  guns. 

A  *'  double-threaded**  screw  is  one  in  which  two  parallel  threads  Double- 
starting  from  opposite  sides  of  the  cylinder  are  wound  round  it  side  by  ^'■^^* 
side.  The  object  is  to  increase  the  bearing  surface  of  the  thread  without 
reducing  the  pitch,  that  is,  the  rate  of  progression.  Thus,  in  a  single 
threaded  screw  of  one  inch  pitch  the  screw  travels  one  inch  for  each 
turn,  but  if  an  intermediate  thread  be  wound  round  the  bolt  the  bearing 
surface  will  be  as  great  as  that  of  a  screw  whose  pitch  is  only  0*6  inch, 
but  the  travel  of  the  bolt  will  still  be  one  inch.  This  kind  of  thread  is 
therefore  used  in  cases  where  considerable  resistance  to  shearing  is 
required,  while  the  saving  of  time  is  also  an  object,  as  in  the  breech- 
screw  of  the  7-inch  B.L.  gun. 

Now  in  order  that  the  various  machines  may  be  capable  of  perform-  Conversion  of 
ing  the  work  required  of  them,  the  rotatory  motion  derived  from  the  circular  motion 
steam  engine  must  be  changed  into  rectilinear  and  other  motion,  and  nearly  cathi^^and" 
the  whole  of  the  combinations  of  machinery  may  be  said  to  consist  in  y^^e  yers&. 
different  methods   of  converting   circular  motion   into  reciprocating 
motion,  and  vice  versft. 

The  conversion  of  circular  into  reciprocating  motion  is  most  com-  Cams. 
monly  effected  by  means  of  "  cams  "  (the  ordinary  eccentric  being  only 
a  particular  form  of  cam),  which  name  is  given  to  a  curved  plate  fixed 
to,  or  a  groove  cut  in,  a  revolving  spindle,  which  plate  or  groove  com- 
municate motion  to  another  piece  by  the  action  of  curved  edges ;  by 
varying  the  form  of  the  plate  or  groove  any  required  motion  can  be 
obtained. 

Rectilinear  motion  is  converted  into  circular  by  the  ^^crank^^  as  in  a  ^^^^'^' 
steam  engine,  or  by  means  of  a  pawl  and  ratchet-wheel,  the  pawl  being  ^*^  ^^ 


108 


MANUFACTURING   OPERATIONS. 


CHAP.  V. 


Beversing 
motioD. 


Idle-pulley. 

4 

Fast-pullej. 


Nasmyth's 
steam  hammers. 


Condie's. 


Power  of  ham- 
men  used  in 
the  B.G  J?. 


cari'ied  on  a  jointed  arm  worked  by  a  cam  ;  the  former  gives  continuous 
motion,  while  the  latter  gives  intermittent  motion  such  as  is  required 
in  the  ^^feed"  of  slotting  and  other  similar  machines. 

The  foUowing  is  the  method  employed  for  reversing  the  motion  of  the 
boring  or  rifling  machines.*  The  saddle  carrying  the  boring  (or  rifling) 
bar  works  on  a  screw  running  the  whole  length  of  the  machine.  On 
the  end  of  this  screw,  away  from  the  gun,  is  fixed  a  bevil-wheel,  into 
which  two  other  similar  wheels  gear,  the  axis  of  the  two  latter  being 
concordant  and  at  right  angles  to  that  of  the  screw.  One  wheel  is 
attached  to  a  pulley  by  a  hollow  spindle,  through  which  a  smaller 
spindle  passes,  connecting  the  other  wheel  to  a  second  pulley,  so  that 
each  is  capable  of  turning  independently  of  the  other.  Between  these 
two  pulleys  is  a  third,  riding  loose  upon  the  spindles,  and  caUed  an 
"  idle-puUey  '* ;  the  workman  by  shifting  the  band  to  this  idle-pulley, 
can  stop  the  machine  without  inteifering  with  the  rest  of  the  shop,  and 
by  shifting  the  band  to  one  or  other  of  the  ^^fast-pulleys  "  he  can  set 
the  machine  in  motion  in  cither  direction,  as  the  direction  in  which  the 
screw  will  turn,  and  consequently  the  saddle  travel,  depends  upon  which 
bevil-wheel  the  power  is  passing  through.  When  once  set  in  motion 
the  machine  is  self-acting.  So  soon  as  the  saddle  reaches  one  extremity 
of  the  bed  a  projection  on  it  comes  in  contact  with  a  stop  fixed  on  a 
rod  running  along  one  side  of  the  machine.  This  rod  acts  on  the  band 
through  a  series  of  bent  or  **  bell-crank  "  levers,  and  shifts  it  from  the 
one  driving  pulley  to  the  other,  passing  over  the  idle-pulley.  Thus  the 
power  is  transferred  to  the  other  bevil-wheel,  and  the  motion  of  the 
saddle  reversed.  On  reaching  the  other  end  of  the  bed  the  projection 
from  the  saddle  acts  upon  the  rod  in  the  opposite  direction,  the  band  is 
shifted  back,  and  the  motion  again  reversed. 

There  are  other  methods  of  reversal  employed  in  the  machines  in  the 
Department,  for  instance,  by  passing  the  power  alternately  through  a 
diflerent  number  of  spur-wheels,  but  the  one  described  is  that  most  used, 
and  is  at  the  same  time  remarkable  for  its  ingenuity  and  simplicity. 

Steam  Hammers, — The  most  powerful  hammers  employed  in  the 
Royal  Gun  Factories  are  Nasmyth's  double  acting  steam  hammers,  that 
is,  hammers  in  which  the  steam  power  is  used  not  only  in  raising 
the  block  but  also  in  driving  it  down  upon  the  forging.  In  these 
the  steam  cylinder  is  fixed,  and  the  falling  weight  is  attached  to  the 
piston,  but  smaller  ones  are  used  constructed  i^ter  Condie's  patent,  in 
which  the  piston  is  fixed  and  the  cylinder  moves,  thus  forming  part  of 
the  falling  weight.  The  piston  is  a  double  pipe  through  which  the 
steam  passes  into  the  cylinder  ;  when  steam  enters  through  one  pipe  it 
lifts  the  cylinder,  and  when  through  the  other  it  drives  it  down  on  to 
the  forging. 

It  is  impossible  to  say  absolutely  what  blow  per  square  inch  any  par- 
ticular hammer  can  give,  as  it  varies  with  the  height  and  size  of  the 
mass  being  forged,  the  pressure  of  the  steam  in  the  boiler,  &c.  &c. 

The  following  table  gives,  however,  a  comparative  statement  of  the 
equivalent  in  foot-  tons  f  for  each  hammer,  supposing  the  block  to  fall 
the  full  stroke  of  i\\^  cylinder  and  the  steam  pressure  to  be  about  50  lbs, 
on  the  square  inch. 


*  For  a  detailed  description  of  the  rifling  machine,  vide  p.  122. 

f  A  foot-ton  being  the  blow  struck  by  a  ton  flailing  through  one  foot 
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i 

Diameter     Length 
of       1        of 

Pressure 

of 

Steam  ou 

Piston. 

Blow 

Nominal  Weight  of  Block. 

Weight 

on 

of  Block. 

Cylinder.     Stroke. 

Anvil. 

1 
Tons.    1  Inches.      Feet. 

1 

Tons. 

Footp-tons 

Nasmjth's,  40    tons 

- 

40         55             10*5 

1 

53 

977 

12       „ 

> 

- 

16 

38*25          7-66 

25 

314 

10      „ 

. 

- 

U 

87-625  ;     8-41 

25 

328 

ft            *       It 

- 

- 

8 

29-125 

6-33 

15 

146 

MorriBoii's,    4      „ 

. 

_ 

4          26-5 

4-75 

12 

76 

Coiidie*8,       3^    „ 

- 

- 

34        23-25          4*83 

1 

9-5 

1 

63 

Manufacturing  Operations. 

Having  thus  briefly  noticed  some  of  the  principal  features  in  the 
machines  used  in  the  Gun  Factories,  we  shall  now  describe  the  various 
manufacturing  openitions. 

The  raw  materials  we  employ  are  either  steel  or  wrought  iron,  the  Raw  materials 
former  being  obtained  in  ingots  from  contractors  and  the  latter  produced  used, 
direct  or  else  worked  up  in  the  Department  as  described  further  on. 

Manttfcuiture  and  testing  of  Steel  Ingots, 

Steel  ingots  for  the  inner  barrel  of  guns,  or  for  the  whole  gun  in  the  Steel  ingots  for 
case  of  T-prs.,  are  supplied  to  the  Royal  Gun  Factories  by  the  contrac-  ^>*"els. 
tors  in  the  form  of  solid  cylinders  cast  and  afterwards  forged  under  a 
heavy  hammer.  Casting  is  necesssary,  not  only  for  the  purpose  of 
obtaining  a  sufficiently  large  block  of  steel,  but  aL^o  for  making  the 
block  homogeneous  and  uniform  in  structure.  Forging  or  drawing  out 
the  cast  block  imparts  to  it  the  desirable  properties  of  great  solidity 
and  density. 

The  mould  is  of  cast  iron  and  octagonal  in  shape,  being  smeared  inside  Casting, 
with  some  non-conducting  substance,  generally  a  mixture  of  black  lead  and 
oil.  That  for  the  9-inch  ingot  is  5  feet  long  and  2  feet  thick.  After  cast- 
ing the  steel  is  covered  with  ashes  or  other  non-conducting  substances, 
and  allowed  to  cool  very  gradually ;  when  cold  a  portion  is  cut  off  the 
top,  and  the  lower  end  being  the  denser,  is  marked  for  the  breech. 

The  block  thus  formed  is  drawn  out  by  a  series  of  heatings  and  Forging, 
hammerings  which  occupy  several  days,  to  a  cylinder  sufficiently  long 
for  an  inner  barrel,  in  which  state  it  is  sent  to  the  Royal  Gun  Factories, 
where  it  is  subjected  to  the  following  tests  and  treatment. 

A  slice  is  cut  off  from  the  breech  end  and  divided  into  pieces  for  How  tested, 
testing.  Some  of  these  are  flat  bars,  4  inches  long  and  |  by  |  in  section, 
and  others  are  of  the  shape  usually  tested  in  the  machine  for  tenacity 
and  elasticity,  viz.,  small  cylinders  2"  long  between  breaking  parts,  and 
0-533''  in  diameter,  having  shoulders  at  each  end  by  which  they  are 
fixed  in  the  machine. 

Three  of  the  former  are  marked  respectively  5,  L^  and  H.  One  end  Bending  test, 
of  the  S  or  soft  (i.e.,  untempered)  piece  is  gripped  in  a  vice,  whilst  the 
other  end  is  hammered  down  towards  it,  to  ascertain  that  the  steel,  by 
bearing  this  bending  without  cracking,  is  naturally  of  the  mild  quality 
required.  The  L  and  ZT  pieces  are  raised  to  a  low  red  and  high  heat 
respectively,  immersed  in  oil,  and  when  cold  treated  in  a  similar  manner. 
The  heat  is  judged  by  an  experienced  workman  from  the  colour  of  the 
specimen  (vide  p.  15,  note  *). 
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Whichever  of  these  pieces  bears  the  bammering  best  determines  the 
heat  at  which  the  whole  tube  is  lo  be  tougheoed  (see  page  169).  Should 
neither  piece  an.swer,  others  at  intermediate  temperatures  are  tried,  and 
if  all  Ml,  the  block  is  returned  to  the  contractors ;  but  some  specimen 
having  succeeded,  as  is  gend'ally  the  case,  two  of  the  remaining  pieces 
— one  in  its  soft  state  and  the  other  tougheoed  at  the  aacertajned 
teniperafure — are  tested  for  tenacity  and  elastic  limit.  The  soft  mate- 
rial should  begin  to  stretch  permanently  at  13  tons  per  square  inch,  and 
break  at  31  tons.  The  toughened  piece  should  begin  to  stretch  at  31 
Ions,  and  break  about  50.  The  permanent  elongation  is  also  taken,  bnt 
it  is  not  considered  necessary  to  lay  down  any  limits  in  this  respect. 

Ingots  which  pass  all  the  foregoing  tests  are  accepte<l  and  are 
toughened  in  oil  at  the  approved  temperature  previous  to  being  put  into 
the  gun.    The  process  of  toughening  is  described  in  Chapter  VIII. 

Testing  Machine. 

The  machine  used  for  testing  metals  in  the  Royal  Gun  Factories  is 
shown  below. 

Specimens  of  metals  arc  tested  by  means  of  it  both  for  elasUcity  and 
tenacity,  while  the  copper  plugs  employed  for  crusher  gauges  (vide 
p.  338)  are  also  tested  as  to  amount  of  compression  in  the  machine. 

The  machine  itself  is  of  American  invention,  and  consists  of  a  com- 
bination of  two  levers  a  and  b,  which  together  give  a  purchase  of  200 
to  1  ;  that  is  to  say,  1  lb.  applied  to  the  end  of  the  upper  lever  at  c  will 
exert  a  strain  of  200  lbs.  on  the  specimen  at  a,  and  as  all  the  bearing 
points  are  hard  knife-edges,  on  hard  smooth  surfaces,  the  fticUon  is 
reduced  to  a  minimum. 

It  is  further  provided  with  suitable  bridles,  holders,  and  other  appa- 
ratus to  teat  tensile,  compressive,  transverse,  and  torsional  elasticities, 
and  is  adapted  for  esporiracnts  on  the  pressure  required  to  punch  or 
shear,  and  ou  the  hardness  or  sofbiess  of  bodies. 
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Prior  to  use  the  machine  is  adjusted  as  to  balance  by  moving  the     CHAP.  Y. 

small  weight  (a)  on  the  upper  lever,  or  by  means  of  a  weight  attached  

at  («).     Weights  of  the  form  shown  are  placed  upon  a  shelf  on  the  iron 
rod  c  suspended  from  one  end  of  the  upper  lever. 

We  will  suppose  a  specimen  piece  of  form  shown  below  {K)  to  be  in  Testing  for 
its  place,  secured  in  the  socket  (Z),  which  is  fastened  at  its  two  ends  to  elasticity  and 
the  bed  of  the  machine  and  the  short  arm  of  the  lower  lever  respec-  ^' 

lively. 

L         K         h 


The  operator  knows  approximlitely  what  weight  will  be  sufficient  to 
try  the  specimen  up  to  its  limit  of  elasticity,  and  as  that  limit  Ls  ap- 
proached he  increases  the  amount  of  weight  by  only  a  little  at  a  time. 

As  the  weights  are  applied  at  c  the  specimen  bar  begins  to  stretch.  Application  of 
In  order  to  prevent  the  consequent  inconvenience  of  the  end  of  the  upper  ^^^  weights. 
lever  dropping,  there  is  an  arrangement  shown  at  r  which  allows  us  to 
raise  or  lower  the  fulcrum  of  the  upper  lever  by  means  of  a  screw  and 
train  of  wheela 

The  same  arrangement  keeps  a  sliding  wood  stopper,  A,  close  to  the 
outer  end  of  the  upper  lever,  so  that  when  the  specimen  breaks,  the  lever 
is  caught  at  once,  instead  of  being  probably  damaged  by  the  effect  of  the 
jerk. 

As  the  specimen  stretches,    an  accurate   measuring   gauge   pushed  Tcmponir>- 
between  the  shoulders  of  the  specimen  shows  the  amount  of  extension,  extension. 
The  operator  removes  the  weights,  and  replaces  them  again  as  the  limit 
of  elasticity  is  approached,  and  on  each  occasion  gauges  the  specimen 
carefully  to  see  if  there  is  any  permanent  elongation.     The  determina-  Elastic  limit 
tion  of  this  point  (the  elastic  limit)  requires  great  accuracy  and  much  ^^  permanent 
practice  on  the  part  of  the  operator.     Until  this  limit  is  reached,  the  ^^"g^^*^ 
extensions  of  the  specimen  for  equal  increments  of  weight  are  tolerably 
uniform  (vide  p.  3,  and  Fig.,  Chapter  I.),  but  as  soon  as  it  is  passed, 
the  extensions   increase  rapidly  for  each  increment   of  weight  until 
the  bar  breaks. 

During  tlie  process  of  the  test  the  operator  has  to  watch  with  care  the  Great  care 
behaviour  of  the  specimen,  in  order  to  note  its  general  character,  for  by  necessary, 
continuing  to  increase  the  weight  upon  the  end  of  the  lever  gradually 
the  characteristics  of  the  specimen  develop  themselves  more  or  less 
dearly. 

In  the  case  of  some  metals  the  specimen  will  flow,  or  be  drawn  in  the 
heart  of  the  bar  only,  thus  leaving  a  corrugated  exterior  surface  from 
the  crumpling  of  the  outer  skin ;  with  other  metals  the  flow  is  more 
uniform  and  the  outside  is  comparatively  smooth.  If  on  the  otiter  hand 
the  metal  be  Jiard  and  rigid,  it  may  not  be  drawn  out  to  any  great  extent 
but  may  break  with  very  little  reduction  of  sectional  area  and  exhibit  a  Tenacity, 
high  tenacity.  If  on  the  contrary  it  is  of  a  soft  and  fluent  nature,  it 
wUL  be  drawn  out  to  a  considerably  smaller  section,  and  then  will  break 
at  the  point  where  the  diameter  is  most  reduced.* 

The  testing  machine  is  equally  suited  for  any  other  kind  of  metal ; 
and  in  dealing  with  familiar  materials,  such  as  cast  iron,  copper,  bronze, 


*  In  &et  the  character  of  the  speoimen,  and  so  of  the  metal ,  must  be  judged  very 
cousidtrably  by  the  nature  of  fracture  as  well  as  hj  the  actual  fracturing  weight. 
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or  other  alloys,  in  order  to  arrive  at  their  tensile  properties,  the  same 
course  is  pursued  as  with  wrought  iron  or  steel. 

For  testing  compressibility  of  metals  a  socket  of  the  form  shown  in 
Fig.  1  is  employed. 


Fig.  1. 

It  consists  of  two  parts  (a)  and  {b),  the  one  sliding  within  the  other, 
one  of  the  parts  being  attached  to  the  lever  and  the  other  part  to  the 
framing  of  the  machine.  The  specimen  for  this  purpose  is  in  the  form 
of  a  small  cylinder ;  weights  are  applied  to  the  end  of  the  upper  lever, 
producing  a  tension  200  times  as  great  on  the  specimen  as  iuthe  ease  of 
testing  for  tenacity. 

It  will  be  seen  that  with  this  machine  time  is  not  taken  into  consi- 
deration, and  in  consequence  another  testing  machine  has  been  devised 
in  the  Royal  Gun  Factories,  which  it  is  hoped  will  enable  us  to  test  the 
compressibility  of  metals  with  regard  not  only  to  pressure,  but  also  to 
time  within  certain  limits. 


Manufacture  of  Wrought  Iron. 

Mannfiicture  of      The  wrought  iron  used  in  the  Royal  Gun  Factories  is  either  puddled 
wrought  iron,     iron  (used  principally  for  making  bars)  or  scrap  iron. 

Paddled  iron.         Puddled  iron  is  made  in  the  Depai'tment  by  burning  out  the  carbon, 

<&c.  from  cast  iron  obtained  as  pig  iron,  or  by  breaking  up  old  guns, 
carriages,  shot,  shell,  &c. 

The  operation  of  converting  this  cast  iron  into  malleable  or  wrought 

iron  is  called  "puddling,"  and  is  carried  out  in  a  puddling  furnace. 

The  reverbera-   This  is  of  the   description   termed  a  reverbcratory  furnace ;  that  is,  a 

tory  furnace.      fmniace  in  which  a  bridge  of  firebrick  placed  between  the  grate  and  the 

hearth  prevents  the  contact  of  the  coal  and  the  iron  which  would  bo 
detrimental  to  the  latter,  while  the  powerful  draught  generated  by  a  tall 
chimney  at  the  other  side  of  the  hearth  induces  the  flames  to  play  upon 
the  metal  with  great  intensity.  The  chimney  is  provided  with  a  damper 
or  lid,  raised  and  lowered  by  a  chain  attached  to  a  lever  at  the  top,  so 
that  the  draught  may  be  regulated  to  a  nicety,  and  stopped  altogether 
when  the  hearth  is  temporarily  empty. 

The  cast  iron  scrap  having  been  broken  up  uuder  a  steam  hammer 
into  pieces  of  a  convenient  size,  a  charge  of  between  5  and  6  cwts.*  is 
placed  in  the  furnace  together  with  about  1  cwt.  of  iron  scale  or  hammer 
scale,  which  is  rich  in  oxygen  f  and  aids  in  burning  out  the  impurities. 

The  heat  of  the  furnace  soon  melt^  the  iron,  which  is  well  stirred  by 
the  workman  and  the  carbon  converted  into  a  gas  (carbonic  oxide), 
which  may  be  known  by  its  blue  flame. 


Fuddling. 


*  With  double  puddling  furnaces  the  charges  arc  of  course  much  larger. 
f  Being  the  peroxide  of  iron,  Fe^  0*. 
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A  liquid  glass  or  slag  is  also  fonned,  which  is  tapped  and  run  out     CHAP.  V. 
through  a  hole  at  one  side  from  time  to  time.*  

As  the  carbon  gets  burnt  out,  the  iron  becomes  pasty  and  is  collected 
bj  the  puddler  into  large  balls,  which  look  in  their  white  hot  state  not 
unlike  loosely  collected  masses  of  snow.  These  balls  are  rolled  up  an 
incline  on  one  side  of  the  furnace  bed  and  then.removed  from  the  furnace 
to  a  steam  hammer,  where  the  liquid  slag  entangled  between  the  particles 
of  iron  is  squeezed  out  and  the  ball  hammered  into  a  rectangular  block 
technicaUy  termed  a  «  bloom."  blwmf 

This  iron  is  rather  hard  and  brittle,  and  has  to  be  heated  and  ham- 
mered or  rolled  if  we  want  to  give  it  fibre. 

Scrap  iron  consists  either  of  old  wrought  iron  articles,  bolts,  nuts,  screws,  Scrap  iron, 
horseshoes,  &c.,  which  are  purchased  by  contract,  or  of  the  shavings 
obtained  in  the  Department  from  turning  or  boring  wrought  iron.     The 
first  gives  the  best  fibre,  but  the  latter  is  cleaner. 

To  work  up  the  first  mentioned  it  is  drummed  io  get  rid  of  rust,  &c.,  Drumming. 
and  then  piled  on  small  pieces  of  board.     The  pile  or  charge  is  heated  in 
a  furnace  to  a  white  heat  and  then  hammered  under  a  steam  hammer  into 
a  bloom. 

The  Department  scrap  is  thrown  in  loose  instead  of  being  piled  as 
above,  and  then  treated  in  a  similar  manner. 

Manufacture  of  Bars  and  Coils. 

Most  of  the  parts  from  which  our  rifled  guns  ai-e  built  up  ai'e  made  by  Mannfiicture  of 
coiling  a  bar  round  a  mandrel  or  core,  and  afterwards  welding  the  folds  ^**"  *"^  ®®^®* 
together  into  a  compact  hollow  cylinder ;  but  certain  portions,  such  as 
the  trunnion   ring  and  cascable,  are  made  from  solid   masses  of  iron 
formed  by  welding  together  a  number  of  slabs. 

We  will  take  first  the  manufacture  of  the  bar  and  coil. 

Until  the  commencement  of  1S68  the  bars    used  for  coiling  were  Bar  iron  made 
supplied  by  contractors,  but  puddling  furnaces  and  a  rolling  mill  were  i"  R.G.F.  since 
then  erected  in  the  Royal  Gun  Factories,  and  all  the  bar  iron  required  ^®^®' 
is  manufactured  on  the  spot  from  obsolete  c&st  iron  articles  such  as 
carronades,  gun  carriages,  &c.,  as  well  as  from  the  scrap  iron  before 
mentioned. 

Two  blooms  are  welded  together,  and  while  still  hot  passed  through  Blooms  of 
the  rolls,  and  made  into  a  flat  bar.     Puddled  iron  is  hard  and  brittle,  Peddled  mm. 
and  does  venr  well  for  rails,   but  is  not  by  itself  suitable  for  guns 
unless  re-worked  in  order  to  give  it  fibre  ;  similar  flat  bars  are  therefore 
made  firom  scrap  iron  blooms  composed  of  bolts,  nuts,  &c. 

These  flat  bars  weigh  about  2  cwt.  each,  and  a  sufiicient  number  of  Piling. 
them  are  piled  or  fagotted  together  to  form  a  bar  of  the  size  it  is 
intended  to  roll.  This  pile,  composed  partly  of  puddled  iron  and 
partly  of  scrap,  the  former  being  always  placed  on  the  outside  on  account 
of  its  more  even  surface,  is  raised  to  a  white  heat  aud  rolled  into  a  loug  Rolling, 
bar  about  24  feet  long,  and  varying  in  section  from  2^  to  9  inches,  or  more 
according  to  the  purpose  for  which  it  is  intended. j*  Should  the  bar  be 
required  for  the  inner  jacket  of  a  gun,  or  for  the  tube  of  a  64-pr.  gun 
and  guns  converted  on  Major  Palliser's  system,  it  is  cut  into  lengths, 
again  fagott«d,  raised  to  a  welding  heat,  and  passed  between  the  rollers  ; 
but  in  ordinary  cases  one  rolling  is  sufl[icient. 

A  bar  is  always  designated  by  the  depth  of  its  section.     The  section  Sbi^  of  bar. 
18  slightly  trapezoidal  in  order  that  when  the  hot  bai*  is  wound  round 

*  This  contains  some  iron,  bat  consists  principally  of  the  sand  of  the  furnace  bed 
or  lining,  mixed  with  impurities  contained  in  the  charge. 

t  The  bars  from  which  the  breech  coil  of  10-inch  guns  and  upwards  are  made,  are 
mannfiictiired  by  forging,  vide  p.  117. 
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Testing  quality 
of  bar. 


Welding. 


Why  Band  is 
need. 


Famace. 


Winding  bar. 


Detaching  coil 
fW)in  mandrel. 


Doable  coil. 


Triple  coil. 


the  mandrel,  narrow  side  inwards,  the  spreading  of  the  in.«iide  and  the 
narrowing  of  the  outside,  natural  to  such  a  process,  may  be  neutralized 
and  no  space  left  between  the  folds  of  the  coils. 

Samples  of  each  week's  work  are  tested  for  tenacity  and  elastic  limits 
the  stretching  weight  should  be  alK)Ut  12  tons,  and  the  breaking 
weight  23  tons. 

The  comparatively  short  bars,  made  as  described,  have  next  to  be 
joined  together  to  give  us  a  bar  of  the  length  required  for  a  coil. 

To  weld  two  bars  together  the  ends  must  be  scarfed  down  and 
placed  from  opposite  sides  in  a  furnace,  from  which  when  they  arrive 
at  a  white  heat  they  are  withdrawn  and  welded  under  an  adjacent 
steam  hammer,  sand  having  been  thrown  on  the  hot  bars  (as  is  indeed 
customary  in  the  case  of  all  forgings)  in  order  to  dean  the  surface  and 
prevent  scale  forming,  by  converting  the  superficial  oxide  into  a  liquid 
silicate  which  will  flow  off  of  its  own  accord  or  be  squeezed  out  by  the 
hammer.  Another  bar  is  welded  on  in  a  similar  waj,  and  so  on,  until 
a  sufficient  length  is  obtained  for  the  required  coil. 

Coiling. 

The  bar  to  be  coiled  having  the  ends  flattened  down,  is  placed  on 
trestle  rollei*s  in  front  of  a  long  reverberatory  furnace  with  a  chimnej 
at  the  far  end  and  grates  along  its  sides.*  A  chain  being  hooked  into 
an  eye  or  hole  in  the  far  end,  the  bar  is  drawn  by  machinery  into  the 
furnace.  When  the  bar  airives  at  a  bright  red  heat,  the  end  near  the 
door  is  drawn  out  by  means  of  the  same  eye,  and  attached  to  a  pin, 
this  end  being  cooled  with  water  to  prevent  it  tearing  away  with  the 
weight  of  the  bar.  This  pin  is  connected  with  a  slightly  taper  iron 
ix)ller  or  mandrel  fixed  across  and  in  front  of  the  door  of  the  furnace. 
The  mandrel  tapere  in  order  to  facilitate  the  removal  of  the  finished 
coil.  The  apparatus  is  then  put  into  gear,  and  the  mandi*el  revolves, 
winding  the  bar  round  it.  During  the  process  scales  form  between 
the  folds,  but  their  effect  is  almost  entirely  nullified  by  subsequent 
heating  and  forging,  sand  being  used  to  assist  in  liquifying  the  oxidey 
as  stated  above.  When  the  coil  is  formed,  the  fixed  extremity  is 
hammered  off  the  pin,  and  water  is  poured  on  that  end  to  cool  it,  in 
order  that  the  folds  there  may  not  be  opened  out  in  the  taking  off 
of  the  coil.  If  the  coil  be  large,  a  short  iron  bar  is  placed  with  one 
end  resting  on  the  ground,  and  the  other  end  against  the  extremity 
which  has  been  removed  from  the  pin.  The  mandrel  is  then  turned 
in  the  same  direction  as  that  in  which  it  revolved  when  the  coil 
was  being  formed,  and  the  coil,  being  prevented  from  revolving  by  the 
iron  prop,  is  loosened  and  slips  down  towai'ds  the  nan*ow  end  of  the 
mandrel.  The  mandrel  is  afterwards  raised  by  a  crane  and  the  coil  drops 
off.     Small  coils  ai-e  hammered  off,  no  water  being  used  in  this  case. 

If  a  double  coil  is  required,  a  round  bar  is  fixed  by  bearings 
at  each  end  through  the  newly  made  coil  when  cold,  and  placed  on  the 
supports  hitherto  occupied  by  the  mandrel ;  the  second  bar  is  then 
wound  round  the  first  coil  in  the  same  way  that  the  first  bar  was  wound 
round  the  mandrel,  but  in  the  reverse  direction  to  break  joints.  A 
triple  coil  f  is  formed  by  immediately  winding  a  third  bar  around  the 


*  The  longest  bar  coiled  in  the  Royal  Qun  Factories  was  270  feet  in  length.  Hie 
furnace  in  only  190  feet  long,  but  should  the  bar  be  longer,  the  extra  length  is  allowed 
to  project  through  the  ond  of  the  furnace  outside,  and  is  heated  by  fire  placed  on 
small  iron  trucks. 

t  Triple  coils  are  not  employed  now,  and  double  coils  but  rarely,  owing  to  the 
greater  thickness  of  the  bars  from  which  coils  arc  made. 
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second  coil  in  the  opposite  direction.     Thus  the  first  coil  acts  as  a      CHAP.  V. 

mandrel  to  the  second,  and  the  second  to  the  thirds  whilst  the  bar  upon  

which  all  three  revolve  is  easily  extracted  when  the  triple  coil  is  com- 
pleted. The  inner  coils  project  at  the  ends,  a  little  beyond  the  outer 
ones  in  order  that  a  close  weld  may  be  obtained  at  the  interior  of  the 
cylinder. 

The  object  of  welding  a  coil  is  to  unite  the  folds  so  that  it  may  with-  Object  of 
stand  the  longitudinal  stress.     The  operation  is  generally  the  same  for  adding  coils, 
all    kinds  and   sizes  of  coils,  single,  double,  and  triple.      When  the 
coil   is  intended   for  an   inner  burrel,   as  in    the    case    of  cast   iron  Great  care 
guns  converted  on  Palliser's  plan,  the  process  must  be  very  carefully  necessary  with 
performed ;  for  if  from  the  badness  of  the  iron  or  from  dirt  or  grit  coil*  for  inner 
between  the  folds,  or  from  insufficient  heating  or  undue  hammering  ^"^^ 
the  welding  becomes  imperfect,  the  barrel  will  of  course  be  unsound, 
and  the  powder  gas  will  eat  its  way  into  the  defective  parts.     Indeed 
the  difficulty  of  obtaining  a  perfect  coiled  tube  was  at  one  time  so  great 
that  two  out  of  every  three  barrels  were  rejected,  but  excellent  iron  having 
since  been  procured  for  the  purpose,  the  per-ccntage  of  defective  tubes 
has  l^een  greatly  reduced. 

The  coil  is  placed  upright  in  a  reverberatory  furnace,  for  were  it 
placed  on  its  side,  it  should  be  turned  over  in  order  to  be  equally  heated 
all  through,  and  moreover  drippings  from  the  fire-brick  which  line  the 
furnace  would  probably  fall  from  the  roof  in  between  the  folds.  If  in- 
tended for  an  inuer  barrel,  two  furnaces  are  used  ;  one  is  at  a  low 
temperature  (termed  a  ''  blue  light  '*),  and  when  the  coil  arrives  at  a 
red  heat  it  is  brought  out  and  transferred  to  the  other,  where  it  is 
brought  to  a  welding  heat*  This  is  found  to  be  more  economical  than 
plncing  the  cold  coil  at  once  into  a  very  hot  furnace,  and  also  prevents 
any  injury  to  the  iron  which  would  i*esult  from  so  doing.  In  all  cases 
of  welding  it  is  necessary  to  ''  strike  while  tlic  iron  is  hot,*'  and  that 
the  snrface  to  be  joined  should  be  ])erfcctly  clean,  the  white  hot  coil  is 
therefore  transferred  from  the  furnace  to  the  steam  hammer  as  quickly 
as  possible,  and  sand  is  thrown  upon  it  for  the  reason  before  assigned. 
The  coil  is  first  placed  vertically  under  the  hammer,  and  receives  a  Process  of 
few  smart  blows  to  weld  the  folds,  it  is  then  thrown  on  its  side  and  welding  a  coil, 
being  gradually  turned,  is  hammered  (or  quitted)  all  round  to  sti*aighten 
it.  K  is  then  raised  vertical  again,  and  a  punch  or  mandrel — rather  over 
half  the  length,  and  a  little  larger  than  the  interior  diameter  of  the  coil — 
is  hammered  down  its  own  length,  the  coil  is  next  placed  on  its  side 
and  hammered  round,  that  half  of  its  length  thus  being  made  very  com- 
pact, and  large  enough  to  let  the  mandrel  fall  out.  After  this  the  coil 
is  again  raised  vertical  and  the  mandrel  is  forced  in  the  opposite  end 
and  the  process  repeated. 

The  mandrels  are  of  coiled  iron  and  very  hard. 

The  reason  a  long  mandrel  is  not  forced  through  the  whole  length  of 
the  coil  is  that  it  would  tend  to  separate  the  folds. 

The  coil  is  replaced  in  the  furnace  for  the  second  heating,  and  much 
the  same  process  is  followed  to  render  the  ring  more  consolidated  as 
well  as  more  shapely ;  and  if  intended  for  an  inner  barrel,  a  fine  mandrel 
is  used  to  make  the  interior  more  perfect.  If  the  coil  is  to  be  '*  faced,'' 
a  flexible  steel  bar  is  used  under  the  hammer  to  flatten  the  ends  and 
prevent  their  being  bell-monthed. 

Before  the  coil  is  removed  from  the  hammer,  water  is  thrown  over  Why  water  is 
it,  which,  forming  into  steam,  blows  off  the  black  scales  and  shreds  used, 
when  the  work  is  good,  but  a  black  spot  is  left  by  the  water  if  there  is 
a  bad  part. 
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Loss  in  length 
in  welding 
ooils. 


Building  up 
with  slabs. 

The  porter  bar. 


Formation  of 
slabs. 


Manufacture  of 
a  trunnion 
ring. 


Shaping  and 
punching. 


Coils  lose  in  welding  from  one-tenth  to  one-third  of  their  length 
according  as  they  are  thin  or  thick. 

After  welding  the  cylinder  is  inspected  by  the  gangers  as  to  size, 
shape,  and  soundness,  and  unless  found  satisfactory  in  all  respects  is 
subjected  to  another  heat. 

All  the  tubes  of  which  a  gun  is  built  are  made  from  coils  manufius- 
tnred  as  above,  but  as  we  shall  presently  see  that  more  than  one  com- 
pleted coil  is  often  required  to  form  such  a  tube. 

Solid  Forgings, 

Every  solid  forging,  large  or  small,  is  made  in  the  same  way,  namely, 
of  slabs  of  iron  successively  welded  together  npon  the  end  of  a  porter  or 
carrying  bar  (a  stout  bar  of  wrought  iron)  which  acts  both  as  a  lever 
and  tongs  in  nianipulatmg  the  v/ork. 

To  form  a  slab  oblong  blooms  of  sci*ap  iron,  such  as  already  described, 
p.  113,  are  hammered  into  flat  cakes,  and  several  of  these  cakes  being 
piled,  heated,  and  welded  together  constitute  a  slab. 

As  an  example  of  a  solid  forging  we  will  take  a  trunnion  ring. 

The  porter  bar  is  boated  and  the  end  flattened  or  scarfed  down  on 
both  sides,  two  slabs  are  placed  on  one  face,  and  the  end  of  the  porter 
bar  with  the  slabs  brought  to  a  white  heat  and  welded  together,  the 
porter  bar  is  turned  over,  slabs  placed  on  the  opposite  face,  and  the 
same  process  repeated  ;  one  slab  after  another  is  added  and  welded  in  a 
similar  manner  until  we  have  a  mass  of  iron  of  sufficient  size. 

This  mass  is  roughly  hammered  into  the  shape  of  a  trunnion  ring, 
the  porter  bar  being  in  continuation  of  one  of  the  tmnnions.  The 
roughly-shaped  block  so  made  is  converted  into  a  ring  by  punching  a 
small  hole  (or  in  the  case  of  very  large  guns  two  parallel  holes)  through 
the  centre  with  iron  wedges,  and  then  enlarging  the  same  by  taper  oval 
mandrels  increasing  in  size  until  the  hole  is  sufficiently  large. 

The  trunnion  ring  has  to  be  heated  between  each  punching  and  the 
trunnions  are  then  still  further  shaped.  It  will  be  seen  that  the  fibre  of 
the  iron  will  run  round  the  ring  and  along  the  trunnions  exactly  as  we 
require  it  to  do  for  strength. 


Binding  slabs. 


Shaving  scrap.        Shaving  scrap  *  is  used  in  making  solid  forgings  for  trunnion  rings, 

as  it  gives  us  a  good  fibrous  iron  of  uniform  quality. 

When  we  want  a  solid  cylinder  of  iron,  cross  or  binding  slabs  ahonld 
be  welded  along  the  sides  of  those  first  welded  to  the  porter  bar,  as  in 
the  case  of  the  forging  for  a  large  cascable. 

To  form  the  bai-s  from  which  the  breech  coils  of  heavy  gnns  are 
made,  slabs  are  successively  welded  to  the  end  of  a  porter  bar  scarfed  to 


Mannfiictarc  of 
bars  for  breech 
coils,  heavy 
guns. 


*  Thnt  in  scrap  obtiiined  in  the  shape  of  sbnvings  during  the  processes  of  tnmiiilfff 
borinpf,  &c.  the  various  coils,  &c.,  and  forgings. 
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receive  them,  and  the  mass  bo  obtained  being  again  heated  and  scarfed      CIIAP.  V 

down,  another  slab  is  added  and  the  forging  drawn  out  to  the  shape  and  

section  of  the  bar  required,  and  so  the  operation  is  continued  until  a 
sufficient  length  of  bar  has  been  made. 

This  mode  of  preparing  the  bare  for  the  breech  coil  of  very  heavy  guns  Why  heavy 
is  pursued,  as  by  its  means  we  obtain  a  denser  and  stronger  material  for  ^^  are  not 
that  coil,  where  great  strength  is  required.  rolled. 

Uniting  two  or  mwre  Coils  to  form  a  l^ubc. 

When  a  coiled  inner  barrel  is  required,  several  coils  must  be  welded  Welding  coils 
together,  while  the  B  tubes  and  breech  pieces  of  heavy  guns  are  com-  together  end  to 
posed  of  two  united  coils.  ^°^" 

In  both  cases  the  coils  must  be  faced  (turned  smooth  at  the  ends) 
and  reciprocally  recessed;  that  is,  a  projection  (spigot)  is  formed  at 
one  end  of  a  coil,  while  a  recess  (faucet)  is  bored  in  the  corresponding 
end  of  another  coil.  The  height  of  the  shoulder  is  a  little  greater  than  Preparation, 
the  depth  of  the  recess  in  order  that  a  close  joint  may  be  obtained  on 
the  interior  The  recess  is  then  expanded  by  heat  and  shrunk  over  the 
projection,  so  that  the  two  coils  are  stuck  sufficiently  together  to  admit 
of  their  being  put  into  the  furnace  for  welding. 

If  the  tube  is  comparatively  thin,  as  when  intended  for  an  inner  barrel.  Process  of 
the  tube  is  put  crossways  through  a  furnace  so  constructed  that  intense  muting. 
heat  acts  on  the  joint  while  the  remote  ends  project  outride.  When 
the  joint  arrives  at  a  welding  heat  a  stout  iron  bar  is  passed  right 
through  the  tube,  this  bar  is  keyed  up  at  one  end,  and  by  means  of  a 
screw-nut  worked  by  a  long  lever  at  the  other  end,  the  two  coils  are 
welded  or  pressed  together.  The  pressure  slightly  bulges  the  metal 
at  the  junction  so  it  must  be  straightened  under  a  steam  hammer. 
Another  coil  is  then  added  on  in  a  similar  manner,  and  so  on  till  the 
tube  is  of  the  required  length. 

Should  the  two  coils  be  short  and  strong,  they  are,  when  shrunk 
together,  heated  in  an  ordinary  furnace  and  welded  gently  together 
under  a  steam  hanmier. 

Shrinking, 

Shrinking  is  employed  not  only  as  an  easy  and  efficient  mode  of  Double  object 
binding  the  successive  coils  of  a  built  up  gun  firmly  together,  but  also  of  shrinking. 
for  regulating  as  far  as    possible  the  tension  of  the   several   layers, 
so  that  each  and  all  may  contribute  fairly  to  the  strength  of  the  gun, 
vide  p.  26,  as  to  the  theory  of  this  construction. 

The  operation  of  shrinking  is  very  simple  ;  the  outer  coil  is  expanded  The  operation 
by  heat  until  it  is  sufficiently  large  to  fit  easily  over  the  inner  coil  or  of  shrmlung. 
tube  (if  a  large  mass,  such  as  the  jacket  of  a  Fraser  gun,  by  means  of 
a  wood  fire  for  which  the  tube  itself  fonns  a  flue  ;  if  a  small  mass,  such 
as  a  coil,  in  a  reverberatory  furaace  at  a  low  temperature  or  by  means 
of  gas).  It  is  then  raised  up  by  a  travelling  crane  overhead  and 
dropped  over  the  part  on  to  which  it  is  to  be  shrunk,  which  is  placed 
vertically  in  a  pit  ready  to  receive  it. 

The  heat  required  in   shrinking  is  not  very  great.     Wrought  iron  Expansion  of 
on    being   heated  from  62®  F.,   (the  ordinary   temperature)   to   212°,  iron  by  heat 
expands  linearly  about  nAnr^^*  P^^  ^^  ^^  length  (the  same  amount  of 
extension  in  fact  as  that  due  to  its  elastic  limit  or  a  stress  of  12  tons 
per  square  inch  of  section)  ;  that  is  to  say,  if  a  ring  of  iron  1,000  inches 

^  Aooording  to  Lavoisier  and  Laplace  the  linear  expansion  of  wrought  iron  on 
being  heated  from  32^  F.  to  212''  is  '0012350  (see  Phillips'  Manual  of  Metallurgy, 
2nd  editioD,  p.  14),  and  according  to  Roy  and  Ramsden  it  is  '0012204  (see  Ganot*8 
VtymoB,  translated  by  Atkinson,  p.  205).  Takbg  it  therefore  as  '001  for  150% 
eamiot  be  hi  wrong. 
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Ctmit  where 
gat  or  water 
•bouU  be  lued. 


Inner  tube  kept 
cool  by  ft  flow 
of  water  alway* 
inside. 


in  circuinference  were  put  into  a  vat  of  boiling  wKter  it  would  increue 
to  1,001  iochee ;  and  according  to  DuIoDg  and  Petit,  the  coefficient  of 
espaueion,  which  id  constant  up  to  212°,  increases  more  sad  more  &ob 
that  point  upwards,  bo  that  if  the  iron  ring  were  raised  150°  hi^tvitill 
(i>.,to362^)  it8  circumference  would  be  more  thin  1,002  incbee.  Now 
it  has  already  been  phowii*  that  no  coil  is  ever  shrunk  on  with  so  great 
a  shrinkiigc  tu  the  tdVc*^  P^'*'  *'^  '*^  circumference  or  diameter,  fir 
it  would  be  strained  beyond  its  elastic  limit ;  allowing  therefore  a  good 
working  murgin  it  is  only  necessary' to  raise  ft  coil  to  about  SOIf 
Fahr.jf  though  in  point  of  fact  coils  are  often  rmised  to  a  higbs 
degree  of  temperature  than  this  in  some  parte,  on  account  of  tb> 
mode  of  heating  cmployc^l.  Were  a  coil  plunged  in  molten  lead  or 
b<jiling  oil  ((SOO"  F.)  it  would  1)e  uniformly  and  sutGciently  expanded  fat 
all  the  pmcticul  purjioDeii  of  t-hrinking,  but  aa  Bfarinkuiga  do  nut  take 
plufu  in  large  nuinliers  or  at  regular  times  tli^  improvised  fire  orordinsrj 
fui'uaco  is  the  more  economical  mode  and  answers  thepnrpoee  very  weQ. 

lli-uting  a  coil  iH-yond  the  required  nmounl  is  of  no  consequence  pro- 
vid<^  it  if  not  raiaed  to  such  n  degree  of  temperature  that  scales  vouU 
form  ;  and  in  nil  coses  the  interior  must  1>c  swept  clean  of  ashes,  ic 
when  it  iK  withdrawn  from  llic  fire. 

With  respect  to  the  mode  of  cooling  during  the  process  of  shrinkii^ 
c»rc  muijt  1^  taken  to  prevent  n  long  coil  or  tube  «>o]liig  eimultaneourif 
at  both  ends,  for  this  would  caui^  the  middle  portion  to  be  drawn  int 
to  an  undue  stato  of  longitudinal  tension.  In  somo  cases  therefoie 
wafer  is  projecte<l  on  one  end  of  a  coil  so  an  to  cool  it  first.  In  ibe 
case  of  a  long  lube  of  ditlerent  thickness  like  tlie  B  tube  of  a  RDii'. 
gun,  water  in  not  only  used  at  the  thick  end,  but  a  ring  of  gas  or  ■ 
healed  iron  cylinder  in  applied  at  the  tliiii  or  muztle  eod,  and  wbta 
the  thick  end  cools  the  gta  or  cylinder  is  withdrawn  from  the  mQulc 
and  the  ring  of  wator  raised  upwards  stow  I  v  to  cool  the  remainder  of 
the  tube  gradually. 

As  a  rule  the  water  in  applied  wherever  there  is  a  shoulder,  so  thit 
that  portion  may  be  cooloil  lirst  and  a  close  joint  secored  there  j  toi 
water  is  invariably  allowed  to  circulate  through  the  interior  of  the  miw 
to  prevent  itu  e^cpanding  and  obstructing  or  delaying  the  operation ;  fi' 
exiimp!i>,  when  a.  B  tube  in  lo  be  shrunk  on  ii  steel  barrel,  the  laitfr  L' 
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While  the  trunnion  ring  is  etill  hot,  tlie  muz;<le  coil  is  droppcil  tlown       CllAI'.  V. 

upon  the  front  of  the  breech  part,  through  the  upper  portion  of  llie  

trunnion  ring.     The  trunnion  ring  thus  forms  r  band  over  the  joint,  H!^^"'(<^ 
and  in  cooling  contracts  round  the  two  coils,  anil  grips  Iheiu  sutficiently  y,Mins 
tight  to  allo'w  of  the  whole  moss  being  placed  bodily  in  a  furnace, 
where  it  is  raised  to  a  welding  heat. 

The  heated  mass  is  then  placed  on  its  breech  end  under  a  powerful  Welding, 
hammer.  Six  or  seven  blows  on  ihe  top  suffice  to  amalgamate  tlie  three 
parts  t'other  ;  but  to  make  the  welding  more  perfect  on  the  interior, 
as  well  as  to  obviate  any  bulging  inside,  a  cast  iron  mandrel  somewhat 
lai^er  than  the  bore  is  forced  down  to  within  20  inches  of  the  breech 
end,  a  series  of  short  iron  plugs  being  used  to  drive  it  down.  The 
whole  is  then  reversed,  aud  the  mandrel  is  driven  out  with  the  same 
plugs,  which  have  fallen  out  in  the  tilting  over. 

The  breech  coil,  C  coil,  (or  jacket*)  thus  formed  is  turned,  as  to  cx- 
Bhubcu  Coil,  Thunnios  Pieuis,  and  C.  Coil,  ready  for  Welding. 


•  The  Jacket  u  termed  the  breech  c«il  when  it  comes  imiuediatelj'  over  ihe  steel 
tnbe,  as  io  ibe  T-inch  gun,  bat  it  ii>  called  tbe  C  cui[  when  It  has  Itetvreen  iuclf  and 
tfae  ban«l  a  beech-pieM  of  coiled  iron,  as  in  9-iDch  gaat  sod  upvardi. 
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ClIAP.  V.     teiior,  in  a  powei-ful  lathe,  the  belt  removed  in  a  slotting  machine,  and 
the  jacket  finally  bored  to  the  proper  interior  dimensions. 


Machine 
operations. 


Centring. 


Taming. 


Ordinary  lathe 
used. 


Boxing. 


Bongh  and  fine 
boring  of  an 
inner  barrel. 


Machine  Operations. 

After  the  tubes,  rings,  and  other  portions  of  the  gun  have  been  made 
they  have  to  be  bored,  turned,  in  some  cases  slotted,  planed  and  shrunk 
together,  while  the  inner  barrel  must  be  bored,  broached,  lapped,  and 
finally  rifled.  These  operations  are  shortly  discussed  below,  as  well 
as  the  processes  of  drilling,  screw-cutting,  and  gauging. 

Centring, 

Previous  to  the  first  turning  of  any  article,  the  axis  must  be  found 
80  as  to  centre  it  truly  in  the  lathe.  This  is  simply  done  in  a  solid 
cylinder  by  finding  centres  at  each  end  with  a  pair  of  compasses  ;  but 
in  the  case  of  a  tube,  bars  of  soft  iron  must  be  fixed  across  each  end 
in  order  that  the  axis  may  be  actually  ascertained  ;  the  article  being 
fixed  accordingly  in  the  lathe  is  turned  truly  cylindrical. 

Large  coils  and  jackets  are  centred  as  follows  : — an  iron  spindle  is 
passed  through  the  interior  and  supported  at  either  end,  any  flaws  or 
defects  on  the  interior  are  searched,  and  the  spindle  adjusted  by  means 
of  a  bar  gauge  so  that  the  interior  may  be  smooth  and  *'  clean  "  when 
bored  to  the  proper  diameter,  the  axis  of  the  spindle  being  the  axis  of 
the  bore  ;  the  ends  of  the  mass  are  then  whitened  with  chalk  and  a 
circle  marked  (with  the  spindle  as  centre)  on  each  end  by  a  scriber 
showing  the  amount  to  be  bored  out.  The  block  upon  which  the 
cylinder  is  supported  when  in  the  turning  lathe  is  adjusted  to  these 
circles,  so  that  the  exterior  may  be  turned  concentric  to  the  interior. 

Turning, 

Turning  means  cutting  off*  the  exterior  surface  all  round.  The 
machine  generally  used  is  a  turning  lathe  on  the  ordinary  principle, 
the  work  revolving  as  the  cutter,  fixed  to  a  sliding  saddle,  moves  along 
the  side.  In  most  machines  two  cutters  work  simultaneously,  and 
rough  or  fine  tm*ning  can  be  done  as  required.  Turnings  generally 
assume  the  shape  of  long  ringlets  and  arc  again  worked  up  into  blooms. 

The  size  and  power  of  the  machines  vary  with  the  nature  of  the 
work.  Those  for  turning  the  large  breech  coils  of  our  heavy  guns 
weigh  each  with  foundations  about  100  tons,  and  can  turn  oflT  7  inches 
in  diameter  in  one  cut.  By  arrangements  whereby  the  motion  can  be 
sent  into  the  machine  through  additional  tooth-wheels  of  diffei^ent 
diameters  the  speed  can  be  greatly  reduced  and  the  power  consequently 
increased. 

Boring, 

The  term  boring  is  applied  either  to  the  process  of  reaming  out  the 
inside  of  a  tube,  or  boring  one  out  from  a  solid  cylinder. 

Rougly^nd  fine  boring  of  an  inner  barrel,  as  well  as  broaching 
and  forming  the  chamber,  are  all  effected  in  the  same  horizontal 
machines,  the  diflTerence  being  in  the  shape  of  the  boring-head  and 
cutters.  In  this  machine  the  barrel  revolves,  while  the  boring-head, 
guided  by  a  supporting  frame  at  the  muzzle,  simply  progresses  down 
the  bore,  being  fed  to  its  work  by  a  long  screw  which  passes  through  a 
nut  in  the  sliding  saddle  to  which  the  bar  is  fixed.  The  same  effect 
would  be  produced  did  the  tube  move  forward  and  the  cutters  revolve 
but  the  shavings  would  obstruct  the  action  by  congregating  at  the 
bottom.  The  boring-head  used  for  rough  cutting  is  what  is  called 
from  its  shape,    "  a  half-round  bit,"  it  has  one  pointed  cutter   set 
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angularly  and  three  steel  "  burnishers,"  or  projections,  to  keep  it  steady     CHAP.  V. 
in  the  bore.*     This  tool  cuts  away  the  metal  in  front  of  it  and  the  same         7—" . 
kind  of  head  is  used  for  cutting  from  the  solid.     In  boring  out  a  steel  ^^   bonng 
baiTel  for  a  9-inch  gun,  8|  inches  in  diameter  are  taken  out  at  each 
cut  in  segmental  chips  about  ^-inch  thick,  and  the  operation  takes  56 
working  horn's,  or  about  a  week. 

Fine  boring  is  performed  with  a  round  head  having  long  cutters  let  Yiae  boring, 
in  lengthways,  and  five  lignum  vitae  wood  burnishers.  The  object  of 
having  the  latter  of  wood,  is  that  they  may  be  set  out  further  than  the 
cutters,  and  so  be  cut  to  the  same  diameter  as  the  tube  on  entering  it, 
as  well  as  being  expanded  up  to  the  full  size  of  the  bore  by  the  water,f 
which  is  invariably  projected  down  the  bore  ;  moreover  were  the 
burnishers  of  steel  they  might  indent  the  bore. 

Short  and  light  tubes,  such  as  B  tubes  of  R.M.L.  guns,  are  bored  in  Machine  for 
a  horizontal  machine,  but  on  the  opposite  principle  to  that  for  inner  short  and  light 
barrels.     The  tube  is  fixed  in  a  saddle  capable  of  sliding  along  the  tubes. 
frame  of  the  machine,  and  the  boring  bar,  through  which  are  placed 
two  adjoining  and  opposite  cutters,  is  then  passed  through  it  and  fixed 
at  each  end  of  the  machine.     The  bai*  revolves  while  the  saddle  moves 
forwai'd,  and  thus  the  boring  is  effected.     This  mode  requires  the  bar 
to  measure  between  the  supports  twice  the  length  of  the  work  to  be 
bored,  and  the  cutter  to  be  in  the  middle  of  the  bar ;  it  is  therefore 
unfit  for  long  objects. 

Large  masses,  such  as  the  breech  coil  for  a  heavy  gun,  are  bored  in  Large  masses, 
machines,  somewhat  similar  to  the  preceding,  but  the  work  is  stationary 
and  the  tool  goes  through  a  double  motion  of  rotation  and  progression, 
the  latter  being  given  by  means  of  a  screw  which  passes  lengthways 
through  the  side  of  the  revolving  bar,  and  is  connected  with  the 
boring- head  which  in  the  shape  of  a  ring  slides  along  the  bar  ;  the 
screw  is  turned  by  a  sun  and  planet  wheel  at  the  extremity  of  the 
bar. 

The  difference  between  the  rough  and  fine  cutters  is  (as  generally 
the  case)  that  the  former  are  deep  and  narrow,  and  the  latter  shallow 
and  broad. 

Trunnion  rings  are  both  rough  and  fine  bored  in  vertical  machines,  Tnmnion 
the  work  being  stationary  whilst  the  boring  bar  revolves  and  moves  rings. 
downwards. 

Large  masses  are  centred  by  the  exterior  which  has  been  previously  Centring. 
tnmedL 

Coiled  wrought  iron  tubes  for  the  barrels  of  64-prs.  and  converted 
guns  are  bored  before  being  turned,  for  if  on  examination  of  the  bore 
a  defect  is  detected  which  would  condemn  it,  the  labour  and  expense  of 
taming  ia  saved. 

Previous  to  the  first  boring  of  any  tube  the  axis  must  be  found  as  Centring  of  a 
before  described,  and  a  bearing  turned  off  at  each  end,  by  means  of  tube. 
which  it  may  be  truly  centred  in  the  boring  machine. 

Broaching, 

A  broach  is  the  name  of  the  tool  used  in  mechanical  arts  for  making  Necessity  lor 
a  ti^r  hole  or  for  perfecting  a  cylindrical  one.  broaching. 


*  Whesa  the  bore  is  to  be  a  large  one  a  second  cutter  is  sometimes  used,  which  is 
placed  at  right  ancles  to  the  other  in  the  same  head. 

t  More  correctly  soap  and  -water.  This  mixture  acts  like  oil  in  diminishing  the 
friction  on  the  tool,  and  it  is  much  cleaner  and  cheaper ;  moreover  the  water  keeps 
the  tool  cold  and  hard,  and  the  soa^  prevents  the  formation  of  rust.  It  is  always 
used  in  tarmng,  boring,  slotting,  &c.  iron,  steel,  and  bronze. 
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During  the  process  of  boring,  the  cutters  wear  from  friction  so  that 
the  tube  is  always  slightly  taper  inside.  This  is  of  no  consequence  in 
an  outer  tube  as  the  interior  one  can  be  turned  to  suit  it,  but  an  inner 
bai'rel  must  of  course  be  truly  cylindrical,  hence  broaching  is  employed 
to  remove  the  taper. 

The  broaching-head  is  round  and  fitted  with  four  long  cutters  fixed 
lengthways  at  right  angles  to  eacii  other  and  slightly  tapering. 

The  cutters  are  carried  round  the  front  of  the  head  and  are  shaped  so 
as  to  finish  the  chamber  of  M.L.  guns  to  the  required  form. 

Lapphig, 

Lapping  or  the  process  of  making  any  hard  surface  smooth  and 
accurate  by  the  application  of  polishing  powders  is  used  in  the  Royal 
Gun  Factories  for  finishing  off  the  bore  of  an  inner  barrel,  for  notwith- 
standing fine  boring  and  broaching  some  little  roughness  and  irregu- 
larity will  exist.  The  process  of  rifling  also  often  causes  some  of  the 
metal  on  the  edge  of  the  grooves  to  be  burred.  Lapping  is  therefore 
performed  both  before  and  after  rifling. 

The  operation  consists  of  working  (by  means  of  levers  attached  to  a 
revolving  bar)  a  wooden  head  covered  with  lead  and  smeared  over  with 
emery  powder  and  oil,  backwards  and  forwards  in  the  bore  wherever  the 
very  accurate  gauges  indicate  the  necessity. 

"  Laps  made  of  nearly  every  metal  and  alloy  in  common  use  have 
been  more  or  less  employed  as  vehicles  for  the  application  of  several  of 
the  polishing  powders,  but  of  all  laps  those  of  lead  slightly  hardened 
and  supplied  with  powdered  emery  stone  render  the  most  conspicuous 
service."* 

Rifling. 

This  operation  is  performed  by  means  of  a  beautiful  rifling  machine, 
which,  though  simple  in  its  action,  is  not  very  easy  to  describe  without 
using  technical  terms.  This  machine  is  horizontal,  and  the  gun  to  be 
rifled  is  fixed  in  front  of  it,  and  in  line  with  the  rifling  bar  to  which  a 
stout  head  can-yiug  the  cutter  is  fixed. 

Only  a  single  gi'oove  is  cut  at  a  time,  and  that  as  the  cutter  is  coming 
down  the  bore  bringing  the  chips  of  metal  before  it. 

All  the  grooves  in  the  gun  are  fii*st  cut  out  roughly  in  succession,  and 
then  finely.  The  distance  between  the  grooves  is  regulated  by  a  disc 
fixed  to  the  breech  of  the  gun,  having  its  periphery  equally  divided 
by  as  many  notches  as  there  are  to  be  grooves.  The  gun  is  fixed  each 
time  by  a  pawl,  and  when  a  new  groove  has  to  be  cut,  is  turned  round 
to  the  next  notch. 

The  gun  remains  stationary  while  the  hoail  carrying  the  cutter  works 
up  and  down  the  bore,  so  it  is  necessary  to  make  the  bar  to  which  the 
head  is  attached  turn  round  more  or  less  at  the  same  time  that  it 
advances  and  returns,  otherwise  we  should  merely  have  a  straight 
groove  cut  along  the  bore,  instead  of  the  spiral  we  require  to  give  rotation 
to  the  projectile. 

The  gun  metal  heml  in  which  the  cutter  is  fixed  fits  the  bore  accu- 
rately by  means  of  burnishers.  It  is  fastened  to  a  stout,  hollow,  iron 
bar  termed  the  rifling  bar.  This  bar  is  fixed  to  a  saddle  capable  of 
sliding  backwards  and  forwards. 

Although  the  rifling  bar  is  flxed  to  the  saddle  and  moves  with  it,  it 
can  revolve  independently  of  it,  and  towards  the  end  furthest  from  the 
gun  is  fixed  a  small  pinion  which  gears  into  a  rack  sliding  in  the  saddle 

*  Holtzapflers  Taming  and  Mechanical  Manipolation. 
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at  right  angles  to  the  bai*  itself ;  the  outer  end  of  this  rack  is  fitted  with      CHAP.  V. 

two  small  rollers  or  friction  wheels  which  run  along  a  copying  bar  fixed      .   . 

to  one  side  of  the  rifling  machine ;  this  copying  bar  is  inclined  at  a  co^viM^bar "' 

certain  angle  to  the  side  of  the  machine,  and  the  'greater  this  angle,  the  Angled  which 

more  the  rack  is  pulled  out  by  the  friction  rollers,  and  the  greater  the  set. 

twist  given  to  the  rifling  bar,  and  so  to  the  grooves  in  the  gun.     The  Alteration  of 

angle  can  be  altered  if  required,  and  we  can  also  take  away  the  straight  angle. 

copying  bar  and  use  a  curved  one,  as  is  done  when  a  gun  is  to  be  rifled 

with  increasing  twist.     By  thus  changing  the  copying  bars,  or  their 

lK)6ition,  we  can  use  a  single  machine  for  any  description  of  rifling. 

The  cutting  tool  itself  is  of  steel  and  works  in  and  out  of  the  head.  Gutting  tool 
It  is  attached  to  a  bar  which  passes  up  through  the  hollow  rifling  bar, 
and  at  the  outer  end  is  fixed  to  an  arrangement  of  levers  and  counter- 
weights which  pushes  the  cutter  out  while  the  head  is  coming  out  along 
the  bore,  and  draws  it  back  while  the  head  is  going  in. 

The  movement  of  the  slide  to  which  the  small  bar  is  attached  (and  Regulating 
consequently   of  the  cutting   tool)   is   regulated   by   another   copying  depth  of 
arrangement  on  the  other  side  of  the  machine.     This  arrangement  con-  groove, 
sists  of  two  horizontal  bars,  one  higher  than   the  other,  along  which 
travels  a  weighted  lever  attached  to  a  pinion  which  works  the  slide. 
When  the  rifling  head  is  passing  down  the  bore  this  weighted  lever 
traveb  along  the  upper  bar,  but  when  the  machine  is  reversed  the  lever 
is  prevented  by  a  small  moveable  piece  from  returning  on  the  same 
bar,  so  that  the  weight  falls  over  on  the  lower  one,  and  in  doing  so 
draws  back  the  slide  and  spindle  and  forces  the  tool  out.     By  varying 
the  form  of  the  upper  surface  of  this  lower  bar  the  depth  of  the  various 
parts  of  the  groove  can  be  regulated  and  altered  as  required. 

In  the  case  of  a  uniform  spiral,  the  copying  bar  is  straight  edged,  and  Calculation  for 
the  angle  is  easily  calculated  thus  : —  copying  bars. 


Take  AB  equal  length  of  rifling  due  to  one  turn,  i.e.,  the  distance  (i.)  Uniform 
travelled  by  the  projectile  while  it  makes  one  complete  turn  upon  its  rifling, 
axis,  and  BC  at  right  angles  to  it  equal  length  of  one   turn,   or  the 
circumference  of  the  bore,  then  AC  will  be  the  total  length  of  spiral, 
and  B  the  angle  of  the  rifling  and  of  the  tangent  bar.    Let  ;/=  number 
of  calibres  in  which  the  shot  makes  one  turn. 

_^BC_  Tc  X  calibre  _  "^  '^ 

^^-^  ""AB ""number  of  calibres  x  calibre"" number  of  calibres"" w ' 

For  example,  take  the  7-inch  gun,  whose  spiral  is  one  turn  in  35 
calibres,  then 

tan  6  =^='0897; 
/.  fi  =5°  4'  nearly. 

For  shunt  rifling,  as  in  the  64-prs.,  there  must  be  a  corresponding 
shunt  on  the  copying  bar. 

For  an  increasing  twist  the  edges  of  the  bar  must  be  curved  accord-  (2.)  Increasing 
ingly  ;  and  as  it  is  the  property  of  the  parabola  to  increase  uniformly,  rifling. 
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we  have  adopted  it  as  the  curve  of  the  rifling,  for  those  guns  having 
an  increasing  twist,  its  well  known  properties  enabling  us  to  construct 
without  difficulty  a  copying  bar  for  any  required  spiral. 

Thus,  suppose  we  want  to  make  a  copying  bar  for  the  9-inch  gun, 
which  has  an  increasing  twist  from  0  at  the  breech  to  1  in  46  at  the 
muzzle,  and  in  which  n  =  45  and  /  the  length  of  rifling  =  107*5  inches. 

In  the  figure  below  let  O  represent  the  origin  of  co-ordinate  axis,  or 
that  part  of  the  bar  corresponding  to  the  bottom  of  the  bore. 

The  distances  measured  along  OM  will  correspond  to  abscissae  ;r,  and 
those  at  right  angles  to  the  same  to  the  ordinates  y. 


Let  OM  be  the  length  of  rifling,  or  more  properly  **  length  of 
rifled  portion  of  the  bore,'*  and  OC  the  curve  required,  or  the  absolute 
groove  laid  out,  then  MC  or  a:  at  the  muzzle  is  found  as  follows  : — 


*x  =  -'y 


2 


2nl 


and  at  muzzle  y  =  / 


T^^,        /       3- 1416x107-5  .     ,  o  ^i:  •     u 

MC  =  ^-  = -Tz — j^ inches  =  3*75  inches. 

2n  2  X  45 


♦  This  is  readily  proved  as  follows:  let  us  assume  that  OC  is  the  required 
parabolic  curve,  and  let  OM  drawu  through  the  origin  of  the  parabola  perpendicular 
to  its  axis,  represent  the  length  of  the  bore  to  be  rifled,  =/  suppose  The  tangent  at 
C  makes  an  angle  with  OM  or  AB  equal  to  the  angle  of  rifling  at  the  muzile,  and 
cuts  off  (bj  the  property  of  the  parabola)  OA  on  the  axis  equal  to  the  abscissa  OK. 


■  • 


But  from  equation  (a) 
p.  123. 


CM=MB=?^. 
2 

BC      BC      IT 


AB'"OM- 
BC  = 

BC= 

andCM«?5-- 
2 


n 
irOM 


ft 
ir/ 

2n 


_  mm 

Further,  as  by  the  property  of  a  parabola  -,  ^  ^  constant 


.-.5^  (for  any  point)  =^,, 

and  X  =  ^ . 
2nV 


IT 

211/ 


By  assuming  different  values  for  ?/,  that  is,  different  points  at  which  we  wiah  to 
calculate  the  curve  of  the  bar,  and  substituting  the  proper  values  of  ir,  n  and  I,  we  can 
find  the  x  for  that  point. 
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In  order  to  find  the  height  pq  ■=:  x  for  any  point  on  the  curve,  we      CHAP.  V. 

proceed  in  a  similar  manner.     Suppose  Op=y=50  inches,  then  to  find         

,«2        Preparation  of 
the  height  pq:=x  of  the  curve  at  the  point  p  we  have  pq  =  x  =z  -^.  =  copjing  bar. 

il^ll^2^=-81mch. 
2x45x107-5 


By  this  means  the  height  of  the  curve  can  be  calculated  for  any 
number  of  points,  and  by  means  of  the  various  measurements  the  curve 
is  traced  on  a  steel  bar,  cast  for  the  purpose,  placed  with  one  end  resting 
on  a  plane  table,  and  the  other  end  supported  at  a  height  from  the 
table  equal  to  MC,  dfter  which  the  bar  is  planed  or  slotted  to  the 
proper  size  and  shape. 

If  the  pinion  moved  by  the  sliding  rack  and  the  bore  of  the  gun  are 
of  the  same  diameter,  the  curves  of  the  grooves  and  of  the  copying  bar 
are  the  same  ;  but  if,  as  is  generally  the  case  (for,  excepting  the  copying 
part,  the  same  machine  answers  for  all  calibres  and  systems),  the  pinion 
and  bore  are  of  difierent  sizes,  the  curvature  of  the  bar  will  differ  pro- 
portionately from  that  of  the  grooves.  Thus,  if  the  pinion  is  half  the 
size  of  the  bore,  the  bar  must  have  half  the  curvature  of  the  grooves. 

The  grooves  commence  at  a  point  about  an  inch  below  where  the  Where  the 
bottom  studs  on  the  projectile  would  reach   with   the  lowest  charge  grooves  com- 
employed,  and  are  so  place<l  that  the  two  next  the  vent  shall  be  equi-  ^cJ^cfi  ^^ 
distant  from  it.  how  decided. 

The  dimensions  of  the  grooves  and  lands,  and  the  twist  of  rifling  for 
each  nature  of  gun  will  be  found  in  the  tables  (pages  166  and  292),  whilst 
a  full-sized  drawing  of  section  of  the  grooves  is  given  under  the  descrip- 
tion of  the  guns  in  the  service  in  Chapter  IX. 

Drilling, 

The  cutting  portion  of  the  tool  termed  a  drill  is  fiat  and  shaped  like 
a  broad  V. 

Small  holes  such  as  those  for  friction  tube  pins,  &c.,  are  drilled  by  hand, 
the  tool  being  turned  by  means  of  a  brace  or  ratchet  lever ;  but  larger 
holes  such  as  those  for  sights  and  vents  arc  made  with  a  drilling 
machine^  the  shape  of  the  cutter  is  however  the  same. 

The   self-acting   radial   drilling   machine  is   an    ingenious   piece   of  The  radial 
mechanism.     The  radial  arm  or  "jib"  carrying  the  drill  spindle  turns  drilling 
upon  a  bracket  which   can  be  raised  or  lowered  as  required.      The  ™*^'"°®* 
motion  to  turn  the  drill  spindle  is  derived  from  a  cone-pulley  behind 
the  sliding  bracket  through  uiitrc  gear.     The  horizontal  adjustment  of 
the  drill  slide  is  done  by  means  of  a  screw  turned  by  a  handle  at  the  end 
of  the  arm.     The  vertical  feed  of  the  spindle  is  given  by  separate  mitre 
gear  in  connexion  with  the  horizontal  shaft,  as  well  as  by  a  rack   and 
pinion  which  can  be  worked  by  hand  independently. 

In.  drilling  the  holes  for  the  vent  bush  and  sights  of  guns,  this  machine 
is  very  convenient  as  the  gun  can  be  placed  anywhere  within  the  area 
covered  by  the  radial  arm,  and  the  drill  accurately  adjusted  in  the  proper 
position  without  moving  the  gun. 
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Screw-  Cutting, 

,«      Z  A  small  internal  screw  thread,  like  that  for  vent  bushes,  is  fc^^neralb' 

Taps  for  screw-         i    i      u      i      -^i    ^  ^       g  J 

caUinir.  made  by  hand  with  taps. 

A  tap  is  a  steel  tool  converted  from  a  screw  by  the  removal  of  part  of 
its  circumfei'cnco  in  order  to  give  the  exposed  edges  a  cutting  action, 
and  allow  room  for  the  chips  to  escape,  while  the  ciixjular  paits  which 
remain  guide  the  instrument  within  the  helical  groove  or  hollow  thread 
it  is  required  to  form.  In  the  Royal  Gun  Factories,  three  or  four  taps 
gradually  increasing  in  size,  are  generally  employed  to  make  a  screw 
thi-ead,  but  mechanics  often  use  only  one  taper  tap. 

A  small  external  screw  is  cut  by  means  of  a  screw  die. 

The  machines.        Large   external  and  internal  screw  threads,  such   as  the  male  and 

female  cascable  thread,  are  executed  in  screw-cutting  lathes,  in  which 
the  work  revolves  and  the  tool  moves  forward.  The  guide  screw  which 
governs  the  sliding  motion  of  the  tool  is  parallel  to  the  axis  of  the  work 
when  fixed  in  the  machine  and  connected  with  it  by  means  of  tootheil 
wheels.  The  screw  upon  the  work  will  be  the  same  pitch  as  the  guide 
screw  if  both  revolve  at  the  same  rate,  and  this  will  be  the  case  if 
there  are  only  two  change-wheels  (or  a  train  whose  value  is  1)  with 
the  same  number  of  teeth  in  each.  If  it  is  desired  to  cut  a  screw 
with  half  the  pitch  of  the  guide,  the  work  must  be  made  to  revolve 
twice  as  quickly  as  the  latter,  and  so  on  for  a  thread  of  any  pitch  ;  each 
lathe  is  therefore  supplied  with  a  series  of  change- wheels,  in  order  that 
a  screw  thread  of  any  pitch  required  may  be  cut  in  it. 

Slotting  and  Planing, 

When  the  edges  or  surfaces  of  iron  work  cannot  bo  readily  reduced 
to  proper  size  and  shape  by  filing,  a  slotting  or  planing  machine  is  em- 
ployed as  circumstances  warrant.  For  example,  the  sides  of  a  trunnion 
ring  are  planed,  but  its  belt  between  the  trunnions  (which  cannot 
be  brought  to  shape  in  a  turning  lathe)  is  slotted,  and  the  usual 
way  of  making  any  non-circuhir  hole — such  as  the  vent  slot — is  first  to 
drill  one  or  more  round  holes,  and  then  slot  or  pare  the  edges  to  shape. 

Ever}'  slotting  and  planing  machine  is  self-acting,  that  is,  it  has  a 
double  action,  by  means  of  which  the  cutter  and  the  work  move  recipro- 
cally, so  that  a  fresh  cut  is  made  every  time.  Thus  in  the  slotting 
machine  (which  cuts  vertically),  while  the  tool  is  being  moved  up,  the 
work  is  advanced  just  sufficient  for  another  slice,  and  in  the  planing 
machine  (which  cuts  horizontally),  while  the  work  returas  to  be  cut  the 
cutter  slides  across  the  necessary  distance. 

In  the  large  machine  used  for  slotting  the  surface  of  the  gun  between 
the  trunnions,  the  motion  of  the  tool  is  obtained  by  means  of  a  peculiai* 
form  of  eccentric,  giving  a  quick  return.  The  table  upon  which  the 
work  rests  can  be  fed  either  longitudinally,  transversely,  or  circularly 
and  the  feed  is  obtained  from  a  horizontal  groove  cam  on  the  spindle 
which  acts  through  a  series  of  levers  upon  spur-wheels  and  scre>vs  in 
connexion  with  the  table. 

In  the  planing  machines  used  in  the  Department  the  reversing  motion 
is  similar  to  that  used  in  the  boring  and  rifling  machines,  but  bevel- 
wheels  of  diflrerent  sizes  being  employed,  the  table  travels  faster  on  the 
return  than  when  moving  forward  against  the  cutter,  thus  economising 
time. 

Viewing  and  Gaugi?ig, 

The  examining  or  viewing  is  a  branch  in  itself,  with  foremen  for 
each  class  of  work,  whose  constant  duty  it  is  to  examine  every  aiticle 


Slotting  and 

planing 

machines. 
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carefully  at  the  close  of,  and  sometimes  during  each  operation,  to  ascer-      CHAP.  V. 
tain  that  it  is  manufactured  properly,  and  to  the  correct  dimensions.  "; — ; 

Thus  the  flat  bars  which  form  a  pile  are  examined  as  to  manufacture  ^^™'o*tiona 
and  size  before  they  are  heated  for  rolling  ;  the  rolled  bar  is  examined  g^veral 
before  it  is  welded  to  others;  the   long  bar  is  examined   before  and  stages  of 
after  it  is  coiled ;  the  coil  after  it  is  welded,  faced,  recessed,  bored,  mana&ctuFe. 
turned,  &c. 

Every  gun,  &c.  is  made  from  a  woiiiing  drawing,  which  shows  the  Working 
dimensions  of  the  various  parts,  which  latter  must  be  exactly  according  drawings, 
to  a  sealed  pattern  deposited  in  the  pattern  room. 

No  manufacturing  limits  are  supposed  to  be  allowed  ;  any  departure 
from  the  correct  dimensions  is  noted,  and  if  considered  of  consequence 
is  submitted  to  the  Superintendent,  who  passes  or  rejects  it  as  he  may 
think  fit. 

The  lx)ro  and  internal  surfaces  which  have  to  be  shrunk  together, 
are  measured  by  means  of  gauges  and  Whit  worth's  micrometers  to 
Yi^^th  of  an  inch,  which  is  the  smallest  measurement  taken  in  the 
Department 

A  <leyiation  of  this  amount  in  the  bore  can  be  directly  ascertained  Ganges  for 
by  a  bar  gauge,  provided  with  a  self-registering  micrometej*  scale.  The  i^^tenor. 
bore  of  a  B.L.  gun  is  also  tested  at  different  parts  with  high  and  low 
cylindrical  gauges.  The  former  must  not  enter,  the  latter  must  pass 
through.  Thus  there  are  three  pairs  of  gauges  for  a  B.L.  gun,  viz., 
for  the  powder  chamber,  shot  chamber,  and  the  grip.  The  cylinder 
gange  for  M.L.  guns  has  studs*  similar  to  those  on  the  projectiles  in 
order  that  the  grooves  may  also  be  tested.  From  the  care  taken  during 
the  manufacture  to  have  the  inner  barrel  and  all  the  super-imposed  parts 
properly  centred  in  the  boring  and  turning  lathes,  the  bore  of  a  built 
np  gun  must  be  concentric  with  the  exterior,  and  the  trunnions  must 
be  in  their  proper  position. 

External  dimensions  are  taken  with  callipers  and  mea<?uring  rods,  but  ExtCTnal 
in  this  case  -riirth  of  an  inch  is  com«idered  close  enough.  g^^pog* 

After  proof,  guns  are  very  carefully  examined  ;  this  process  will  be 
found  fully  described  at  pp.  295-7. 

Before  any  gun  or  article,  which  is  a  separate  store,  is  issued  for 
service,  it  is  examined  by  the  Assistant  Superintendent,  who  is  respon- 
sible for  it«  exact  accordance  with  the  sealed  patterns. 

These  standanl  patterns  are  sealed  by  the  Director  of  Artllery  and  The  sealed 
Stores  for  the  War  Office,  to  govern  future  supplies  ;   and   no  one  patterns, 
is  allowed   to  touch  them  but  the   officials  of  the  R.G.F.    in  whose 
charge  they  are. 

*  The  dimensions  of  the  studs  being  about  y^th  inch  greater  than  the  high  gange  of 
studs  on  the  projectile,  and  between  -{^ths  and  -r^ths  inch  below  the  correct  size  of 
the  groove  itself.     Vide  table,  next  page,  and  R.L.  Treatise,  1874,  pp.  176,  177. 
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CHAPTER  VI.  CH.VI.S.1. 


RIFLED  BREECH-LOADING  GUNS,  THEIR 
MANUFACTURE,  FITTINGS,  AND  STORES. 


Section  I. — Manufactubes. 

•li.  Owis,  original  Constraetton. — Manufacture    of   40-pr.,    35    cwt.— 
Rifling. — ^Breech  fittings. — Copper  rings. — Chambering. — Bushing. — Vent-piece. — 
Breech-screw. — Tappet  ring. — Lever  and  keep  pins. — Indicator  ring. — Proof  of 
B.L.  guns  and  fittings. — Processes  after  proof. — Lining. — Sighting. — Marking. 

Section  n. — Sights,  Siguting,  and  Stores. 

Tmnffent  Blffhts,  Ii^.  and  BmB, — Rectangular. — Hexagonal — Barrel-headed. — 
Sliding  leaf. — Graduations. — Set  screws. — Moveable  clamp. — TmnnlOB  Blfflits. — 
Screw,  and  their  adjustment. — ^Wood  side    scales. — Bearers,   shot. — ^Bits,  vent, 

Armstrong. — Bushes Clamps,   moveable. — Collars,    leather. — Crutches,  iron. — 

Extractors^tin  cup. — Eyes,  elevating. — Implements,  facing. — Znstmmeiits  taking 
impressions. — Instruments,  sighting. — Levers. — Machine,  hand-rifling. — Patch, 
metal,  elevating. — Pins,  friction  tube. — Pins,  keep. — Pivot,  steel  for  elevating 
arcs. — Plates,  metal  elevating. — Rings,  copper  vent-piece. — Rings,  indicator. — 
Rings,  tappet. — Saddles,  metal. — Scale,  wood  side. — Screws. — Sights. — Sockets, 
metal. — Straight  edges. — Vent-pieces. — Wrench,  fixing  elevating  racks. — ^Tables 
of  Fittings,  Sights,  and  Stores,  and  of  B.L.  guns  with  steel  or  W.I.  barrels. 


SECTION  I.— Manufacture. 

No  B.B.L.  guns  have  been  manufactured  since  1864,  but  we  have  so 
manj  yet  in  the  service  that  all  gunners  should  thoroughly  understand 
their  mechanism  and  know  all  about  their  stores  and  the  repairs  at  times 
necessary,  both  for  the  guns  and  their  fittings. 

All  R.B.L.  service  guns  have  been  made  on  Sir.  W.  Armstrong's 
original  construction  (as  mentioned  at  Chapters  II.  and  IV.,  pp.  26, 92), 
and  are  manufactured  entirely  of  wrought  iron*  with  the  exception  of 
a  certain  number  having  steel  tubes  (vide  table,  p.  150). 

This  original   construction,  as  already  stated,  consists  of  an  inner  R.B.L.  Guns 
barrel,  a  forged  breech-piece,  a  forged  trunnion  piece,  and  one  or  more  ®^  original 
coils,  according  to  the  size  of  the  gun.     For  example,  the  6  pr.  has  one  construcuoo. 
coil,  and  the  7-inch  of  82  cwts.  has  six  coils. 

*  The  3-pr.  R.B.L.  gun  submitted  by  Sir  W.  Armstrong  in  1855  had  a  steel  barrel, 
tmt  that  material  was  abandoned  owing  to  the  difficulty  of  getting  it  of  suitable 
quality  at  that  time. 
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As  a  specunen  of  BJl  mina&c 
as  shown  is  the  dii^Tam  bdow. 


«  we  IIU7  take  the  40-pr.  of  35  cwts. 


■^i 


The  iimer  bami,  or  A  tube  as  it  i^  called,  was  made  of  coUs  joined 
together  lengthwaj-a  in  (he  manner  espLuaed  at  p.  1 17,  bat  a  nnmber  <i 
gnns  (vide  table,  p.  150),  especiallf  7-incfa  20-pr9.  and  12-pr&,  have  inner 
barrels  made  of  solid  for^ng^i^.,  solid  crlinder?  of  wroa^t  iron  after- 
wards bond  out.  llese  were  adopted  owing  to  the  dSknltf  at  ow 
time  experienoed  of  making  a  coiled  barrel  free  from  defeetrre  wads,  but 
they  were  soon  given  np,  for  although  they  presented  a  (~ 
Bor&ce,  the  fibre  which  nw  leugthwavs  was  in  the  worst  <" 

The  breech-piece  and  tnmoion  ring  were  forged,  and  tba  number  of 
cwls  reqnijTd  made,  and  the  gun  then  built  up  bj  ehrinkii^  tlieoe  pails 
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over  the  A  tube.    In  these  guns  the  trmmion  ring  was  not  joined  to  

other  coils  by  forging,  as  in  B.M.L.  guns  of  present  construction,  but  Shrinking  the 
shrunk  on  separately.  P*^  together. 

After  the  gun  was  built  up  it  was  brought  to  the  proper  size  and  Turning,  &e, 
shape  by  turning,  boring,  &c^  and  the  piece  so  completed,  all  but  the 
rifling,  and  the  preparation  of  the  gun  for  breech  fittings. 

In  this  stage  of  manufacture  we  might  dose  up  the  open  breech  end 
and  make  a  muzzle  loader  out  of  the  built  up  blocks,  and  indeed  we 
know  that  certain  blocks  prepared  for  B.B.L.  guns  were  afterwards  so 
used  for  making  R.MX.  64-pr.  guns,  Mark  I.  (vide  p.  89). 

For  the  service  RJB.L.,  however,  the  next  operation  was  to  rifle  the  Bifling. 
block.    The  grooves  were  carried  right  through  from  end  to  end  by 
means  of  a  cutter  fixed  to  a  metal  head  seeured  to  a  twisted  bar.    The 
bar,  which  was  square  in  section,  passed  through  a  fixed  nut,  so  that  as 
the  head  and  cutting  tool  worked  up  and  down  the  bore  the  grooves 
were  cut  with  a  certain  amount  of  twist  depending  upon  the  twist  given  Twist  of 
to  the  bar,  which  varied  in  the  different  guns  from  1  in  30  to  1  in  38  rifling, 
calibres  (vide  table,  p.  166).   Only  one  groove  was  cut  at  a  time,  as  with 
the  present  rifling  machines. 

The  groove  is  of  the  simple  shape  shown  below,  the  driving  side  being  Grooyes. 
radial  to  the  bore. 

^  SscnoN  OF  Rifling  (Full  sixe). 


The  number  of  grooves  is  considerable,  and  thence  the  system  is 
usually  called  a  poly-grooved  or  many-grooved  system. 

The  lands,  or  portion  of  the  bore  between  the  grooves,  were  made  as  Lands, 
narrow  as  possible  so  as  to  cut  the  more  easily  through  the  lead  coating 
on  the  projectile. 

Preparation  for  Breech  Fittings. 

The  next  thing  done  was  to  prepare  the  piece  for  its  breech  apparatus.  Breech  fittings. 

It  is  evident  that  in  every  B.L.  gun  we  must  have  some  method  of 
closing  the  breech  end  of  the  powder  chamber  before  the  gun  is  fired,  so 
as  to  allow  of  no  escape  of  gas,  for  should  there  be  any  such  escape, 
the  gas  rushing  through  the  passage  will  soon  eat  out  a  deep  channel 
for  itself  and  seriously  damage  the  gun  or  its  fittings.  This  is  well 
shown  by  vent-pieces  which  have  suffered  from  neglect  in  not  keeping 
the  copper  ring  properly  faced. 

The  two  modes  usually  employed  for  closing  the  breech  end  are ;  (1) 
to  press  a  block  of  metal  firmly  against  the  end  of  the  barrel  by  means 
of  a  screw,  or  (2)  by  means  of  a  wedge  forced  in  behind  it. 

All  our  service  B.L.  guns  use  the  first  mode  where  we  have  a  metal  Vent-piece. 
block   called  a  vent-piece  and  a  breech-screw. — In   the   wedge  guns.  Breech-screw. 
however,  which  are  now  obsolete  (p.  164),  a  stopper  and  wedge  were 
employed  instead. 

In  connexion  with  the  vent-piece  or  stopper  it  is  further  necessary  to  Copper  rings. 
have  some  arrangement  for  making  the  joint,  where  it  meets  the  end  Iron  rings. 
of  the  chamber,  quite  gas-tight.     As  will  be  seen,  we  use  for  this  1^  cups. 
purpose  two  copper  rings  (one  on  the  vent-piece  and  another  screwed  into 
the  gun),  or  in  the  case  of  the  7-inch  a  ring  of  wrought  iron  and  a  tin 
cup. 

1  2 
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Vent  slot 
Water  escape. 

Chambering. 
Grip. 


Boshing. 


Why  tin  cups 
arc  used. 


7''  double- 
bushed  guns. 


Vent-piece. 


After  being  built  up,  the  gun  was  prepared  for  the  breech  apparatus 
by  having  a  slot  cut  for  the  vent -piece,  and  underneath  this  a  cir- 
cular hole,  called  the  "  water  escape  "  or  *'  drip  hole,"  was  driUed  through 
the  gun.  The  breech  end  of  the  A  tube  was  threaded  for  the  breech- 
bush  to  be  screwed  in,  while  the  end  of  the  breech-piece  was  prepared 
in  the  same  way  for  the  breech-screw. 

Finally,  the  gun  was  chambered,  Le,,  the  powder  chamber  and  shot 
chamber  were  bored  out  The  diameter  of  the  first  is  greater  than  that 
of  the  shot  chamber,  which  is  also  slightly  conical.  Immediately  in 
front  of  the  shot  chamber  is  the  '^  grip,"  which  is  the  smallest  diameter 
of  all,  or  calibre  of  the  piece,  in  order  that  the  projectile,  which  has  a 
thin  lead  covering,  shall,  as  it  begins  to  move,  have  this  covering  com- 
pressed into  the  grooves  of  the  rifling.  From  the  grip  to  the  muzzle  the 
bore  is  slightly  increased  in  diameter,  to  reduce  the  strain  on  the  gun, 
until  at  the  muzzle  the  bore  is  about  0*005  inch  larger  than  the  full 
calibre. 

After  chambering,  the  gun  was  bushed  by  screwing  into  the  end  of 
the  barrel  the  ring  or  breech-bush  already  mentioned.  This  bush  was 
faced  to  correspond  to  a  ring  on  the  vent-piece  itself. 

The  breech  bush  can  be  easily  repaii'ed  and  re£aced,  and  when  worn 
out  replaced  by  a  new  one.  It  is  of  copper,  except  in  the  7-inch,  which, 
though  originidly  bushed  with  copper,  are  now  bushed  with  iron. 

With  7 -inch  guns,  in  order  to  make  certain  that  there  shall  be  no 
escape  of  gas  when  the  breech-screw  is  home,  a  tin  cup  is  used  to  com- 
plete the  joint  (vide  Treatise  R.L.,  1874,  p.  130)  instead  of  a  vent- piece 
copper  ring.  Copper  bushing  for  these  guns  was  not  found  suitable  owing 
to  liability  to  damage  in  so  heavy  a  gun,  and  the  copper  bush  was  super- 
seded by  an  iron  bush  of  the  same  dimensions,  2'^  long,  ^''  thick  ;  but 
as  this  occasionally  shifted  from  want  of  sufficient  bearing,  a  new  pattern 
iron  bush  3"  long,  ^"  thick  was  introduced.  Guns  bushed  with  this  latest 
pattern*  are  called  doubled  bushed,  and  are  marked  D.B.  on  the  right 
trunnion. 

Breech  Fittings. 
The  breech  fittings  for  breech-screw  guns  ai'e  : — 


Vent-piece. 
Breech-screw. 
Tappet  nng. 


Lever  and  keep  pins. 
Indicator  ring. 


The  Vent'Piece,\ 

So  called  because  the  vent  %  happens  to  go  through  it,  is  the  block  or 
stopper  which  closes  the  end  of  the  breech  before  firing,  and  is  in  fact 
the  breech  block  or  stopper. 

*  iMor  to  the  introduction  of  this  new  bush  all  7-inch  guns  had  been  bushed  ^ther 
with  thick  iron  or  copper  bushes.  It  is  advisable  to  rcbush  with  the  thick  iron 
bushes  of  O.P.  any  guns  still  having  the  copper  bush,  and  should  guns  at  out  stations 
not  be  prepared  for  the  double  bush,  and  therefore  not  be  marked  D.B.  on  trunnioD, 
they  must,  if  rebushed  at  an  out  station,  be  furnished  with  a  new  bush  of  the  old 
pattern,  as  a  gun  can  only  be  prepared  in  the  first  place  for  the  latest  pattern  bosh 
in  an  Arsenal.  Vide  p.  314.  Guns  marked  D.B.  would  of  course  be  rebushed  with 
N.P.  bush. 

t  This  is  not  of  necessity  a  part  of  this  B.L.  system.  The  ieunt  of  the  vent  being 
drilled  through  the  vent- piece  weakens  the  latter  much,  and  is  an  expensive  airanffe- 
ment.  At  the  time  when  li.MX.  guDs  were  introduced  experiments  were  beiDg  earned 
on  as  to  venting  K.B.L.  guns  through  the  body  of  the  piece,  with  fkvoorable  re8aHl^ 
but  as  shortly  s&erwards  the  manufacture  of  R.B.L.  service  guns  ceased,  it  was  not 
thought  worth  while  to  make  any  change  in  the  system  of  venting,  which  would  no 
doubt  have  otherwise  been  done. 

X  For  weights  of  vent-pieces,  vide  p.  1.50. 
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The  vent  channel  paseee  dowD  through  the  neck  to  the  centre  of  the   CH.  VI.  S.  1. 
block,  and  this  vertical  portion  is  partially  bushed  with  copper  ;  from  „      ~ — 
the  bottom  of  this  portion  a  horizontal  channel  allows  the  fire  to  reach     *"  cMiinei. 
the  centre  of  the  cartridge.     The  bottom  part  ia  not  bushed,  as  the  ^""  l""hes. 
vent-piece  would  be  too  much  weakened  thereby. 

The  material  of  vent-pieces  has  been  changed  frequently;  wrought-  Material, 
iron  fint,  then  steel,  then  Swedish  iron,  then  steel  toughened  in  oil,  and 
lastly,  Marshall's  refined  iron,  have  been  employed.    The  material  of 
which  they  are  mnde  is  stamped  on  the  back. 

The  vent-pieces  of  all  natures  except  the  7-inch  and  40-pr.  are  lifted 
avay  from  the  gun  after  each  round,  while  the  former  are  placed  either 
on  tjie  saddle  or  vent  rest. 

A  vent-piece  consists  of —  Component 

Body.  •  ■•"■■ 

Vent  busb,  copper  (in  two  parte). 
Vent-piece,  copper  ring  (except  7-inch). 
Cross- head. 
Shackles. 

There  is  a  "  beak  "  on  the  7-inch  and  40-pr.  vent-piece,  to  prevent 
the  "  nose "  on  the  face  of  the  vent-piece  being  injured  when  the  vent- 
piece  is  placed  in  the  slot. 

The  vent  channel  is  bushed  with  copper  at  the  upper  end.     The  bush  Bashing  with 
formerly  consisted  of  three  or  four  short  plain  pieces  and  one  screwed  copper, 
piece  on  the  top,  but  now  one  long  plain  piece  is  used  instead  of  the 
abort  onefl. 

The  vent-piece  next  received  the  copper  ring  (vide  p.  131),  required  Copper  ring, 
to  give  a  gas-tight  joint  when  fitted  gainst  the  copper  bush      The  face 
of  the  vent-piece  itself  has  an  annular  undercut  groove,  into  which  the 
ring  was  forced. 

SEcnoH  Of  Una. 


The  ring  was  made  from  pure  hardened  copper,  and  has  a  dovetail 
correepondiog  to  the  groove  in  the  vent-piece.  In  order  to  put  *  it  on 
the  vent-piece  it  was  put  into  a  screw  press  and  the  copper  ring  forced 
on,  a  small  amount  being  left  prqecting  to  allow  for  refncing  ou  service 
(vide  p.  304). 

The  cross-head  and  shackles  were  not  put  on  till  after  proof.     The  Cross-bead  ai 

. .  ihaeklei. 

*  On  fcrriw,  the  bceeeh-icTew  it  amised  for  thb  purpose,  vide  p.  307. 


134 


MANTTPAOTflnE  <)T   R.B.L.   OUNB. 


Veot-pieCM 
witbout  pro- 

tbe  back. 


'  croBB-bead  is  made  from  n  block  of  scr^  iron,  and  is  bo  Bbiq>ed  that  its 
projectioHB  rest  on  the  slot  when  the  Veat  is  properly  placed  for  being 
screwed  np.  Great  pains  were  taken  to  get  tlus  correct  to  prevent  the 
possibility  of  the  vent-pioce  going  wrong,  bo  that  it  should  rest  on  the 
slot  whilst  the  veot-piece  was  being  screwed  up. 

The  material,  date  of  manufacture,  pattern,  and  B.G.F.  number  Bre 
marked  on  the  back ;  and  the  order  is,  that  the  latest  pattern  available 
should  be  used,  while  vent-pieces  witbout  a  projection  at  the  back  Bhould 
on  no  account  be  employed. 

Obsoustb  Vbht-Pibce.    Scale  I  in.  =  1  foot. 


Is  mmU'  of  Ht(><<l,  toughentnl  in  oil  for  all  B.L.  guus  except  the  7-inch, 
which  bus  mi  mm  lm'och-srn>w  ivitli  a  alcel  face  6"  long  screwed  into 
it,  an  mm  f»(ii>  boitig  liable  to  "set  up."  The  thread  is  called  the 
■'  KlHwvltt'd  "  IVoiii  iho  sliapci  of  it^  section,  which  is  less  liable  to  be 
jammiHl  by  f['''t  "<*  *'">"  "^'^  "'^  more  ensUy  worked  than  the  square 
thrt<«d  umhI  Iti  tbo  «nrly  Arnii>lmng  puns.  Some  of  the  square  thread 
brt>tYh-«i-rowH  nii>  Nlill  to  Iw  fouiul  in  use.  The  ends  of  the  thread  are 
not  M\  sharp  bill  cut  ulf  at  alxiut   half  their  thickness.     The  7-incb 


•  Ftatw«fht»,vid«p.  150.- 
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breech-Bcrew  hta  »  double  thread  ;  this  allows  of  die  screw  being  moved  CU.  VI.  a.  i . 
jiut  twice  u  qnicklj,  while  giving  the  same  amount  of  bearing  snr&ce;  "^ 

The  pitch  of  thread  on  the  4&-prB.  32  and  35  cwt.  are  not  the  same  I^tch  of  thread, 
theformerbdag  0"-9,  the  latter  (/'-7|  and  coneequentlj  their  breech- 
screws  are  not  interchangeable  for  the  same  nature  of  gnn. 

The  screws  are  marked  with  the  nature  of  gun  (but  not  for  an^  Hsriu. 
individual  gnn^  with  the  register  number,  and  also  with  the  material  of 
which  they  are  made. 

The  bore  of  the  screw,  is   alightly  less  than  that   of  the  powder  The  bore  of 
chamber,  in  order  that  the  breech  bush  should  not  be  damaged  by  the  *«  kww. 
projectile  when  loading. 


Tappet  Ring. 
Is  octagonal  in  shape  in  the  interior,  and  fits  on  a  similar  octagon  Tappet  ring. 
on  the  breech-screw ;  hence  it  acts  as  a  wr^ich  to  the  breech-screw, 
the  power  being  communicated  through  its  projections  from  the  tappets 
of  the  lever. 

Lever  and  Keep  Pint, 

Tbo  lever  fits  on  the  breech-serew  behind  the  tappet  ring  j  it  is  free  Lever  and 
to  rovdve  round  the  breech-screw,  but  is  prevented  from  f^ng  off  by  keep  pint, 
two  keep  pins  which  work  in  a  cannelure.  The  lever  is  fitted  with 
weight  b^B  or  accumulators,  to  give  power  in  screwing  up.  The 
levers  are  all  of  wrought  iron  foiled,  the  handles  and  tappets  being 
forged  separately.  The  small  natures  up  to  the  20-pr.  inclusive  have 
one  handle,  one  weight  ball,  and  one  projection.  40-pr»(,  have  one 
handle,  two  weight  bolls,  and  two  projections.  7-iQch  guns  have  two 
handles,  two  weight  ballB,  and  two  projections,  llie  levers  have  all  a 
play  of  02  inch  running  round  the  breech-scrcw,  and  as  there  is  no 
parUcnlsr  strain  on  them,  they  arc  not  easily  damaged;  they  are 
interchangeable  for  guns  of  the  same  calibre. 

Indieator  Ring. 

Is  %  thin  narrow  ring  of  wrought  iron  fitted  on  the  breech-acrew  in  Indicator  ring, 
fixint  of  the  tappet  ring ;  on  the  internal  circumference  there  lire  &  series 
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breech-screw  ;  it  is  so  adjusted  oo  the  screw  that  when  the  vent-piece  is 

properly  screwed  up,  the  raised  line  of  brass  or  arrow  on  the  ring  and 
on  the  top  end  of  the  breech-piece  must  coincide,  and  then  it  can  be  seen 
at  a  glance  whether  the  vent-piece  is  properl/  screwed  up,  or  should  it 
be  dark  this  can  be  ascertained  by  the  touch.  As  the  copper  rings  and 
breech-screw  are  faced  on  service,  the  position  of  the  raised  tine  of  brass 
must  be  altered  to  correspond  by  shifting  the  ring  round  on  the  breech- 

GuM  havliig  The  7-inch  and  40-pr.  are  the  only  guns  with  which  an  indicator  ring 

indicator  riogt.  is  considered  necessary,  and  some  40-prs.  of  82  cwl.  do  not  use  them, 
not  having  sufBcient  length  of  breech-screw. 

Rmos,  IiiniCATOR  (for  7"  B.L.  Oan). 
The  shaded  portioDs  shoir  the  indicator  ring. 


Top  view,  tappet  removed.  Rear  view,  tappet  removed. 

Proof  of  B.L.  guns  and  Jitting$, 

A  B.Ij.  gun  was  proved  without  its  breech  closing  apparatus  (spare 
being  used)  by  firing  six  rounds  of  1^  the  service  charge,  and  the  service 
shot. 

Vent-pieces  and  l)rcech-screwa  underwent  two  service  rounds. 

After  Proof. 

The  guns  having  passed  proof  were  next  marked,  lined,  sighted,  &c. 
prior  to  issue. 

The  weight  of  the  gun,  Koyal  monogram,  and  broad  arrow  are 
stamped  in  front  of  the  vent  slot,  and  the  "  mark,"*  name  of  factory, 
date  of  proof,  and  registei  number  on  the  left  trunnion. 

*  R.B.L. guasmay  befoundooserricewichthe  "mark"  omitted  on  the  trumuon ; 
Ods  U  Bocounted  for  owing  to  the  order  not  being  in  eziitenae  ai  to  tbeb  being  ao 
EMrked  at  the  time  of  imue. 
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Vertical  and  horizontal  lines  were  marked  on  the  breech  and  muzzle,   CH.  VI.  S.  l. 

for  the  purpose  of  enabling  the  sighting  plates  to  be  adjusted  (vide     ^  , 

p.  308).     Vertical  and  horizontal  lines  were  also  marked  on  the  right  l^iJ^ing- 
side  of  the  breech  and  right  trunnion,  and  right  side  of  the  muzzle  ;  but 
the  field  guns  have  not  these  latter  marks. 

SECTION  II. — Sights,  Sighting,  and  Stores. 

Our  B.L.  guns  being  sighted  on  both  sides  have  four  sights,  viz.,  two  Sight8. 
tangent  sights*  and  two  trunnion  sights. 

Process  of  Sighting. 

In  all  natures,  except  the  7-inch,  as  the  amount  of  metal  at  the  breech  Sighting, 
end  is  small,  the  tangent  sights  work  in  sockets  bored  in  a  wrought-iron 
ring  screwed  on  the  breech  of  the  gun,  so  that  the  sockets  are  inclined 
at  an  angle  of  2°  16'  to  the  left,  to  compensate  for  the  permanent  Permanent 
deflection.     (For  further  explanation,  vide  p.  56.)  deflection. 

In  the  7-inch,  holes  are  drilled  in  the  metal  of  the  breech  of  the  gun  Sockets, 
itself  at  that  angle,  and  in  them  are  fixed  gun  metal  sockets  for  the 
sights,  similar  to  those  described  at  p.  195  for  R.M.L.  guns. 

The  trunnion  sight  holes  for  drop  sights  are  drilled  perpendicularly, 
and  in  guns  using  screw  trunnion  sights  the  holes  are  threaded. 

The  sights  used  are  as  follows  : — For  all  except  the  7-inch  of  72  cwt.  Tangent  sights, 
and  the  I2-pr.,  the  tangent  sight  consists  of  a  rectangular  steel  bar  with  a  Hectangnlmr. 
barrel  head,  or,  in  the  newer  pattern  (introduced  in  1867),  with  a  gun  Hexagonal, 
metal  head  and  plain  sliding  leaf.     With  the  7-inch  of  72  cwt.  and  the 
12-prs.  the  bar  is  hexagonal  and  of  gun  metal.     The  reason  of  this 
difference  is  that  these  guns  were  the  first  B.L.  guns  introduced,  and  it 
was  then  thought  that  the  hexagonal  gun  metal  bars  would  answer  best, 
and  afterwards  when  the  flat  steel  bars  were  preferred  it  was  not  con- 
sidered worth  while  to  alter  the  few  7-inch  guns  of  72  cwt.  in  the 
service,  whilst  the  cost  and  trouble  of  altering  the  numerous  12-prs. 
would  have  been  considerable. 

L.S.  sights  have  under  the  cross-head  an  '<  elevating  nut,"  the  circum-  Tangent  sights, 
ference  of  which  is  graduated  from  1'  to  l(y,  so  that  by  turning  it,  any  l^-S.  and  S.8. 
number  of  minutes  of  elevation  less  than  ICV  can  be  obtained.     This  is 
considered  unnecessary  for  S.S.,  which  therefore  have  no  nut ;  in  all 
other  respects  the  L.S.  and  S.S.  tangent  sights  are  identical. 

Many  B.L.  sights  of  the  older  pattern,  having  so-called  barrel  heads 
in  which  the  deflection  leaf  is  placed  (vide  diagram  next  page),  still  exist. 
The  second  diagram  shows  the  more  recent  pattern  (according  to  which 
sights  have  been  made  since  1867),  where  the  head  is  plain  with  a 
sliding  leaf. 

*  For  description  of  the  different  marks  or  patterns  of  these  sights,  vide  table  p.  152. 
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Basbbitbudxd  Siobtb,  with  movkible  Cuhp. 
Scale  I"  =  1  foot 
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SuDdO-LIAV  SlQBTS. 

Scftlaa}"-lfbot 


In  the  barrel-headed  sighte  the  leaf  ie  traversed  to  the  right  or  left  Burel-beaded 
by  means  ef  a  screw  worked  hj  milled-headed  thumbscrews  at  each  sighu. 
end  of  the  barrel  hewL     Thia  screw  is  of  such  a  pitch  that  the  thumb- 
screwB  make  a  complete  revolution  in  traversing  the  leaf  10',  and  the 
circomference  being  graduated  from  I  to  10  any  required  number  of 
minnles  can  be  accnrately  given. 

There  are  arrows  on  the  barrel  head  showing  the  direction  in  which 
the  screw  is  to  be  tamed  to  give  right  or  left  deflection,  and  the  deflec- 
tion scale  is  eradnated  to  a  half  a  degree  (30')  on  each  aide  in  three 
divisions  of  Kr  each. 

In  the  present  sliding  leaf  pattern  the  leaf  is  traversed  by  hand  and  Slidiug-leaf 
clamped  in  the  required  position  by  a  milled-headed  screw  on  the  front  lights, 
or  muzzle  side,  and,  though  not  quite  so  accurate  ae  the  old  pattern,  it 
has  the  advantages  of  lightness  and  cheapness,  and  is  not  so  liable  to 
become  stiff  in  working.     It  is  only  necessary  to  use  the  deflection  scale 
in  order  to  allow  for  wind  or  similar  causes  of  irregularity. 

The  steel  tangent  bars  are  graduated  on  one  of  their  narrow  sides  in  Graduation  of 
degreee,  and  on  the  other  in  yards.     Those  for  the  7-inch  guns  of  *"K™*  ">"■ 
82  cwt.  have  also  a  graduation  on  one  of  their  flat  sides  (right),  showing 
the  number  of  tentha  of  fuze  corresponding  to  the  range  scale.    B)ach 
degree  is  divided  into  six  divisions  of  10  minutes  each. 

In  the  20-pr.  and  lower  natures  the  tangent  sights  are  clamped  at  Copper 
the  proper  elevation  by  meejis  of  a  coppw  set  sorew,  woured  by  chains  "^  Hrewi. 


1+0 
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CH  VI  S  2.  '**  '^^  piece.     lo  the  other  two  natures*  the  eight  is  fixed  by  a  "  moveable 

' clamp,"  which  permits  of  the  sight  being  removed  from  the  socket  and 

Horeabte  taken  to  the  light  for  adjustment  during  the  operatioD  of  loading,  a 

eiinnf,  useful  arrangement  between  decks  or  in  casemates. 

Moveable  Clamp. 


A  list  of  different  marks  of  sights  for  each  nature  is  given  at  p.  1 52, 

and  also  in  notes  to  the  same  the  reasons  are  given  on  account  of  which 

alterations  were  made. 

>iv^hI„„  There  are  two  kinds  of  trunnion  sights,  viz.,  the  screw  pattern  and 

d^tB.  the  drop  pattern,  as  shown  in  diagram  below  ;  for  deiwriptioa  vide  p.  195. 

Screw  pattern.    ^^  former  is  used  with  field  gims,  i.e.,  12-pr8.,  9-pr8.,  and  6-prs. ;  they 

ai'e  screwed  into  the  gun  so  that  they  may  not  be  nbakea  about  and 

loosened  when  moving  over  rough  ground.     The  latl«v  is  used  with  the 

higher  natures.     With  the  7-inch  of  72  cwts.,  however,  a  large  screw 

fore  sight  is  employed. 


tRff 


The  advantages  of  the  drop  over  the  screw  pattern  are  that  the 
former  can  be  easily  removed  for  transit  and  afterwards  replaced  in  its 
true  position  without  any  trouble;  spare  sights  can  also  be  carried  ready 
to  be  placed  in  the  gun  without  requiring  any  adjustment.f 

Spare  drop  trunnion  sights  are  issued  complete,  and  with  the  leaf 
flni^ed,  so  that  a  new  one  may  be  put  into  the  gun  when  required ; 
but  screw  trunnion  sights  must  be  issued  with  rough  leaves  ;  hence  the 
field  guns  are  the  only  ones  with  which  the  process  of  adjustment  has 
to  be  performed  on  service  (vide  p.  308). 


*  The  7-inch  of  73  cwtH.  bos  iu  itlghts  clamped  by  a  fixed  set  tCKir. 

t  Screw  tmnnioD  aghtg  are  as  far  sn  (josuble  made  interchangeable,  but  on  aeeonnt 
of  the  greAt  difflcnit;  experienced  iu  finiahing  off  ■  thread  with  the  very  mionte 
■eooraey  reqniied  in  this  cibc,  dome  allowiuiee  would  have  to  be  made  wherever  there 
it  a  ehuige  of  pMJtion.  These  nights  can  be  used  for  either  side,  if  circumitanoes 
thoold  reqnira  it,  only  with  the  risk  of  a  alight  cbance  of  error.  With  drop  sights 
the  CMe  i»  diffeivnl,  there  we  have  no  screw,  they  can  be  fioiBbed  off  as  denred, 
while  any  slight  error  in  borine  for  the  socket,  tee.,  is  made  up  for  when  th«  soduti 
arc  Bnally  adjosled  in  the  gnn  (see  p.  188}. 
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Both  Ungeat  and  tnmnioii  aighte  are  marked  for  the  natore  of  gun  CH.  TL  8.  S. 
to  which  £ey  belong,  and  all  tangent  aighte  (both  L.S.  and  S.S.)  are  —~ 

interchangeable  for  the  same  nataree  except  between  the  L.S.  and  S.S. 
20-pr8. 

Besides  tangent  sights,  R.B.L.  guns  for  S.S-  down  to  20-pr.  inclusive,  Wood  ude 
are  supplied  with  wood  side  scales,  giving  12°  elevatioD  and  6°  depression,  lola- 
Bomevrhat  similar  to  those  for  S.B.  guns.     In  the  cose  of  the  20-pr.  13cwt. 
gun,  however,  when  used  on  the  decks  of  iron  clad  ships,  the  wood 
wde  scale  is  rectangular  in  section  and  has  a  moveable  pointer  similar  Movetble 
to  those  employed  with  R.M.L.  guns,  and  gives  2(f  depression  and  12°  pointer, 
elevation. 


The  stores  for  R.B.L.  guns  made  in  the  Royal  Gun  Factories  are  as 
follows.    A  table  of  the  same  is  given  at  the  end  of  this  chapter. 


Bears  KB,  SaoT. 


Theseshot  beorersareof  iron,  with  three  handles  covered  with  leather,  Shot  bearer, 
and  are  so  made  that  the  projectile  cannot  be  dropped  from  them.    They  §  0I9- 
are  known  aa  "  Atdcrson's  pattern."     Two  are  issued  for  each  7"  gun. 


Biti,  Vent  (Aniutrong).    Scale  i- 
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CH.  YI.  S.  s.  The  Annstrong  vent  bit  is  of  steel,  with  a  cross-handle  of  wood  (similar 

_     "": —  in  shape  to  a  gimlet).     It  is  used  to  clear  the  channel  of  vent-pieces, 

vent  bit.  should  the  copper  bush  become  burred,  and  there  is  but  one  pattern  for  all 

5  ^^*  natures.   One  to  four  7"  or  40-pr.  guns.    For  field  service  1  per  division. 

Btishes, 

Breech  boshes.       Bushes^  breech^  tran^  tJdck^  7 -inch. — Two  inches  long,  half-inch  thick, 
§  899.  and  is  screwed  into  the  breech  end  of  the  A  tube  of  7"  guns. 

§  *•'•  Bushes,  breech,  iron,  thin^  7'inch, — Three  inches  long,  quarter-inch 

thick,  and  is  screwed  into  the  thick  bush.     Spare,  1  per  gun. 

5§  5S6, 530.  Bushes,  breech,  copper. — Screwed  into  the  breech  end  of  the  A  tubes  of 

See  also  §1145.  40,pr,  breech-screw  guns  and  under,  and  projects   "03  inch  so  as  to 

enable  it  to  be  refietced.     Spare,*  2  per  gun. 

§  1232.  Bushes,  copper^  vent-piece^ — Spare,"*  1  to  two  7"  guns ;    1    to  two 

40-pr.  for  Grarrison  Service,  and  1  for  each  gun  for  Field  Service. 

Clamps,  Moveable,  for  Tangent  Sights. 

Clamp  for  The  moveable  clamps  are  of  gun  metaL     See  page  140. 

sight 

§§1144,1357. 

Collars,  Leaiher^for  Breech^  Screws. 

Leather  collar.       This  collar  fits  on  the  breech-screw  of  12-pr.  guns,  in  rear  of  the 
§  845.  breech.    When  the  vent  slot  was  widened  for  a  thicker  vent-piece  some 

of  the  threads  of  breech-screw  were  exposed,  and  this  collar  protects 
that  part.    It  can  be  pared  as  the  copper  is  faced  away. 


CauTCHES,  laoN.    Scale  \, 


Cratch. 
§§  27,  688. 


The  vent-pieces  of  40-pr8.  and  smaller  natures  for  sea  service  not 
affording  room  for  a  friction  tube  pin  are  fitted  with  a  crutch,  attached 
round  the  mouth  of  the  vent  channel  by  two  screws.  A  slot  is  cut  in 
the  horizontal  part  of  the  crutch,  through  which  the  friction  bar  of  the 
quill  tube  passes,  thus  the  head  of  the  tube  is  supported,  and  the  liability 
to  its  being  broken  off  prevented  when  pulling  the  lanyard. 


*  These  copper  articles  should  be  carried  in  some  place  where  they  would  not  he 
liable  to  be  ii^ured,  or  put  oat  of  shape. 
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With  guns  used  for  field  marine  purposes  the  crutch  has  two  dots  so  CH.  VI.  S.  2. 
as  to  enable  them  to  be  fired  from  the  left  side  when  on  land.  ""^ 


ExTRAOiOKS,  Tnr  Cup. 


L.S. 


S.S. 


Tin  cap 
extractor. 


D 


The  tin  cup  extractor  for  L.S,  is  an  iron  hook  with  a  wooden  cross-  §  733, 
handle.     One  to  each  gun. 

For  8,S.  it  is  an  iron  lever  with  a  barbed  hook  at  one  end  to  extract  §  1259. 
the  tin  cups,  whilst  at  the  other  end  it  has  a  curved-shape  hammer,  used 
as  a  "  lever  lifting  joint." 

The  above  are  only  used  with  7"  guns. 


Eyesy  Elevating  (with  Bolt,  PTasher,  and  Keep  Pin). 

The  elevating  eyes  are  of  iron,  and  are  screwed  underneath  the  breech  Elevating  eyes, 
of  L.S.  field  guns  only.    The  20-pr.,  12-pr.,  and  9-pr.  are  double-headed,  §§  ^78, 690, 

717,  718,  998. 
See  also  §  102. 
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CH.  YI.  8. 1.  but  the  6-pr.  ie  solid-headed  ;  the  heads  of  the  elevating  ecraws  will 
tberefore  respectively  be  single-headed  and  double-headed. 

Gdide  Plates. 


Guide  plate. 
§§  476, 068. 


a  Guide  plate. 

Guide  plates  are  of  et«el,  and  one  is  screwed  iu  at  the  light  rear  of  the 
vent  slot  to  guide  the  lanyard — which  passes  tlirough  it — direct  on  the 
quill  friction  tube.  It  has  a  crosB>head  on  the  top,  to  which  a  loop  w 
the  lanyard  can  be  attached  when  the  gun  is  loaded,  and  so  prevent  the 
gun  being  fired  accidentally.  The  navy  alone  use  it,  as  they  fire  their 
guDS  from  the  rear  immediately  the  object  is  iu  line, and  this  guide  plate 
enables  the  gunner  to  have  a  steady  and  direct  pull  on  the  lanyard  while 
looking  over  the  sighls. 


{$  StS,  SK, 
574,  575,  T4S, 
1073. 


Implcmentt,  Facing. 
For  detail  of /adng  implements  sec    Table  p.  320.      7"  one  per 
district,  one  in  reserve  ;  40-prs.  one  per  battery,  one  in  reserve ;  other 
guns  one  per  battery.  The  use  of  these  instruments  is  described  at  p.  306. 

ImtrutaenU  taking  Impreuions  af  Borei  of  Gum, 

For  taking  impressions  of  bores  of  guns  tlirae  aie  two  seta  of  instm- 

ments.     The  small  set  (No.  2)  is  used  for  guns  up  to  20-pr.  ;  the  other 

(No.  1),  from  40-pr.  upwards,  both  M.L.  and  B.L.     A  set  consists  of 

a  semi-cylindrical  iron  frame,  about  2  feet  long,  connected  with  an  iron 
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tube  in  such  a  manner  that  b^  screwing  np  a  rod  which  passes  through    CH.  VI.  S.  2. 
the  tube  the  frame  can  be  worked  up  or  down.  

Upon  this  frame  a  gun  metal  or  iron  plate,  corresponding  to  each 
calibre  of  gun  is  screwed,  and  when  an  impression  is  required  gutta- 
percha is  spread  on  the  plate,  and  by  means  of  the  rod  is  pressed  against 
the  defective  part. 

Plates  are  not  necessary  for  the  6-pr.  or  40-pr.  guns,  as  the  frames 
answer  the  purpose  required. 

Instruments,  Sighting,  Set. 

Sighting  instruments  are  for  special  issue  only.     See  Ordnance  Select  Sighting 
Committee  Proceedings,  1867.  instmmentf. 

§§1061,  1096. 


Levers. 
Levers,  breech'Screw. — See  page  135. 

Lbybb,  Ibon,  for  releasing  Vent-piece.    Scale  1  in.  =  1  foot. 


Levers. 


.2.t^lNS. 


I 


Lever,  iron,  releasing  vent-piece. — Is  an  iron  crowbar  about  2  feet  §769.  See  also 
10  inches  long,  for  prizing  out  the  vent-pieces  of  7-inch  guns  when   §1484. 
thej  jam.     One  per  gun. 


Machine,  Hand-biflino  (for  6-pr.  B.L.  Gun.    Scale  1^  In.  ^  1  foot). 


There  is  one  hand-rifling  machine  for  each  nature  of  gun,  and  they  Hand  rifling 
are  nearly  all  alike  in  pattern.      They  are  for  the  purpose  of  filing  machine, 
down  any  metal  that  may  be  turned  up  in  the  bore  by  the  premature  §§  ^7^»  ^^^^• 
bursting  of  a  shelly  or  other  cause.     The  machine  consists  of — 


1  Bar,  working,  (b)  with  cross- 
handle.  (The  l2-pr.,  9-pr., 
and  6-pr.  have  no  cross- 
handles.) 

1  block,  guide  (d). 


2  cutters,  file  {h). 

1  distance   piece,    in    halves,    with 
bolts  and  nuts  (e). 

1  head,  filing,  with  springs  (c). 

2  screws,  fixing. 


«  «^  •  ■»«% 
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CH.  VI.  S.  2.       The  filing  head  is  of  hornbeam  wood,  and  is  grooved  like  the  barrel 

of  the  gun.     The  liead  is  expanded  by  means  of  long  apringt^,  in  the 

7"  there  ure  two,  in  the  other  natures  one,  and  small  files  can  be 
fitted  on  either  side  of  the  head  which  are  kept  up  to  their  work  in 
the  bore  by  a  spiral  spring  fixed  I)encath  them.*  One  file  is  for  the 
grooves  and  the  other  for  the  landM,  and  lliey  are  ghapeil  accordingly  ; 
only  one  file  at  a  time  can  be  used.  When  required  to  be  used  the  file 
for  the  lands  or  grooves  (according  lo  circumstances)  is  fixed  and  worked 
backwards  and  forwards  until  the  bore  ia  Bmooth.  The  guide  block, 
which  is  placed  in  the  muzzle,  keeps  tlie  bar  in  tlie  centre,  and  the  dis- 
tance piece  is  clamped  on  the  bar  at  the  nscertained  distance  of  the  flaw, 
&c.  from  the  muzzle,  thereby  ensuring  the  action  of  the  file  on  the  proper 
place. 

Patch,  Metal,  Elevating. 

'''•"•""E  These  patches  are  made  of  gun  metal,  and  screw  into  the  elevating  nye 

se'iit  ti«        holes  of  12-pr.,  9-pr,,  and  6-pr.  guns  when  fitted  for  sea  service.     The 
IL  aUo  « IM.   ^'P"^-  P*"'''  *""  "  **^'  Bcrew. 


Pins,  friction  Tube,  are  of  wrought  iron,  ease  haidened,  and  «re 
iDserted  l"-3  to  the  left  front  of  the  vent  cliaimel  of  7"  vent-pieces, 
for  eea  service  only.  The  loop  of  the  quill  friction  tube  fits  over  the  pin, 
and  the  mouth  of  the  vent  being  rimed  out  to  n  depth  of  1  inch,  giving 
the  tube  a  little  play,  ensures  the  pull  of  the  lanyard  acting  upon  the 
loop  of  the  tube.  The  pin  is  now  1  inch  long  to  prevent  a  liability  of 
the  loop  slipping  ofi*.     Sec  Crutches,  iron. 


Pint,  keep,  lever. — See  page  135.     Spare 
two  for  other  guns. 


one  per  7"  and  40-pr, ; 


*  The  T"  lua  do  ipiral  spring,  the  doable  fpring  being  lufficieot  for  the  p 
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Pivots,  Steely  far  elevating  Arcs.  ^^'  ^^^'  ^'  ^' 

PlateSy  metal,  elevating  (vide  p.  210  for  description).  Pivots. 

These  stores  are  only  required  with  the  20-pr.  B.L.  guns  of  13  cwt.  Elevating 
S.S.  when  mounted  on  wrought  iron  sliding  carriages  and  slides,  which  P'*^®"- 
guns  will  be  fitted  on  both  sides  of  the  breech  with  the  necessary  screw 
holes.     Only  one  plate  is  used,  which  is  triangular,  as  in  the  case  of  the 
40-pr.  R.M.L. 

Rings, 

Rings,  copper,  vent-piece. — Have  a  half  dovetail  on  the  inner  side,  Vent-piece 
which  prevents  the  passage  of  the  powder  gas  down  between  it  and  the  "°^* 
iron  of  the  vent-piece.     It  projects  from  the  &uce  of  the  vent-piece  when  llo '^^of?^*! 
new  "  '05,  so  that  it  can  be  re-feced  from  time  to  time,  as  it  is  found  to  c  ggg.       *  ^^ 
wear.     Small  channels  are  cut  on  the  inside  of  the  ring  to  allow  the 
confined  air  to  escape  when  placing  it  on  the  vent-piece.     Spare,  two 
per  field  gun ;  they  should  be  carried  in  some  place  where  they  are  not 
liable  to  be  injured  or  put  out  of  shape. 

Rings,  Indicator,  for  7"  and  40-pr.  B.L.  Gun, — Vide  diagram  and  Indicator  rinj:. 
description  at  p.  1 36.  §§  790. 1 033. 

Rings,  tappet. — See  p.  135.  Tappet  rings. 

Saddles,  Metal, 

These  metal  saddles  form  the  vent  rest  for  the  7-inch  guns,  and  are  Metal  saddles, 
attached  to  the  gun  in  rear  of  the  vent  slot  by  means  of  screws.  The 
saddle  for  the  72-cwt.  gun  A  is  about  2\  inches  shorter  than  that  for 
the  B  gun  (the  breech  of  the  latter  being  longer  than  the  former),  and 
ifl  fixed  with  four  screws.  All  the  other  saddles  have  six  screws.  The 
Raddles  for  the  82  cwt.  gun  are  stouter  made  than  those  of  the  72  cv/t., 
and  the  position  of  the  holes  for  fixing  them  is  slightly  different. 

Scale.  Wood.  Side.    Scale  1"=1  foot. 


mmmm. 


The  wood  side  scale  is  used  by  the  navy  for  broadside  guns  indc-  Wood  side 
pendently  of  all  other  sights,  when  the  object  to  be  hit  is  obscured  by  scale. 
smoke,  &c.,  thereby  rendering  the  other  sights  useless.     It  must  be  used  §  1204. 
in  connexion  with  the  ship's  pendulum,  or  other  means  employed  to  show 
the  heel  of  the  vessel,  and  the  number  of  degrees  of  elevation  or  depression 
to  be  added  or  deducted  from  the  required  range,  i.e,,  if  firing  from  the 
windward  side,  and  the  pendulum  showed  3°  of  heeling  over,  deduct  3^ 
from  the  correct  elevation  for  the  range  of  the  object  aimed  at  to  allow 
for  the  inclination  of  the  ship's  deck. 

Th^e  side  scales  are  adjusted  to  the  rear  chock  of  the  carriage  with 
the  zero  notch  coinciding  with  a  point  on  the  vertical  line  intersected  by 
the  horizontal  line  cut  on  the  right  side  of  the  breech,  the  gun  being 
horizontaL  They  are  graduated  to  give  6®  depression  and  12**  elevation, 
the  radius  being  the  distance  from  the  centre  of  the  trunnion  to  the  point 
of  intersection  on  the  aide  of  the  bi*eech. 

K  2 
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CIT.  VI.  S.  2.       The  wood  aitlo  scale  for  the  20-pr.  of  13  cwt,  is  rectangular  in  section 

and  has  a  moveable  pointer  similar  to  that  iLsed  with  R.M.L.  guns  (vide 

p.  202).     This  scale  gives  depression  down  to  20^,  and  from  0^  to  12°  of 
elevation. 
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Screws. 


Screws,  breech. — 5fe  page  lt35. 


|§^3^^0l-  Screws,  copper,  net,  rixjfkt'hand  and  left-hand.  —  Are  used  for  the 

906,  1034,829.  purp^y^j  ^f  Clamping  the  tangent  sight,  and  pass  through  bosses  in  the 
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ngent  sight  ring.     These  set  screws  for  the  20-pr.,  downwards,  are   Cfl.  VI.  8.  2. 
tached  to  the  guns  by  a  small  chain.     See  p.  189. 

Screws, ^xing J  plates f  metaly  elevating, — Wrought  iron,  and  fasten  the 
elevating  plate  to  20-pr.  of  13  cwt.    See  p.  147. 

Screwsyfixing,  crutch, — Wrought  iron,  and  attach  the  crutch  to  the  §  ^8^- 
top  of  the  vent-piece. 

Screwsjjixingy  metal  saddle. — Wrought  iron,  and  attach  saddle  lo  7" 
gons.     Spare  one  per  gun. 

Screws,    preserving,  —  Wrought  iron.      Occupy   the    holes. for   the  §*85. 
crutch,  friction  tube  pin  and  guide  plate,  when  the  gun  is  used  for  land 
service,  and  mounted.     When  dismounted,  those  in  the  gun  are  removed  §  30. 
and  the  holes  fiUed  with  grease,  to  prevent  the  screw  heads  from  being 
broken  off. 

Sights. 

Sight,  instructional,  wood. — Hexagonal   in  shape,  and  an  enlarged  Sights. 
model  of  the  tangent  sight     Bectangular  are  also  issued  on  demand.       §  1480. 

Sight,  tangent. — See  p.  138.  ge  1143  j^^g 

Sight,  trunnion. — See  p.  140.  §  ®72. 

Sockets,  Metal. 

These  gun  metal  sockets  are  for  the  Iiind  centre  sight  and  tangent  Metal  sockets, 
sight.— iS^  p.  137.  §  1481. 

Straight' Edges  for  testing  Breech-screws,  Sfc. 
The  straight  edges  are  of  steel,  18"  x  U"  x  A".     See  p.  303.  Straight-edge. 

§1016. 

Vent-pieces. 

Far  vent-pieces,  see  p.  134.    For  field  batteries,  two  vent- pieces  per  Vent-piece. 
gun  are  issued;  one  is  carried  in  the  gun,  one  at  the  side*  of  the  trail,  §1135, 
and  two  in  addition  per  battery.     Giarrison  and  siege  batteries  have 
three  per  gun. 

Wrench,  fixing  elevating  racks. 

Are  used  to  attach  the  elevating  plates  and  racks  to  the  20-pr.  R.B.L.  y  ^^^^  for 
guns  when  mounted  on  the  decks  of  iron  clads.   Vide  p.  213  lor  descrip-  ^  *^*  *°^P  *^* 
tion  of  this  store. 
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TABLE  XVI.— Natche  of  Tangent  Sights*  and  ParticularB  of 
Gkaduatione  for  RttxEn  BX.  Gitke. 
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TABLE  XVII.— Tablk  showing  tlic  Nuubbr  of  R-B.L.  Gdns  in  the 
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TABLE  XVIIL 
IVcighU  of  R.B.L.  Vent-piecet  and  Breech  Scretea. 
Vent-pienes  :- 


Cwt.   grs.  I 


40-pr. 
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TABLE  XIX. 
Table  showing  the  Fittings  and  Storeij  for  B.B.L.  Service  Guns. 


EifijsJbIl.  Guki. 

7-ineh 
Gun. 

0 

i 
I 
1 

- 

: 

i 

1 

1 

1 

I 
i 

i 

IS-pr. 

1 
: 

- 

1 

1 

1 
- 

i 

: 
1 

\ 

i 

1 

1 

1 

i 
1 

1 

~- 
1 

1 

1 

1 

8 

-a 

1 

1 

1 

i 
i 

£ 
S 

I 
I 

1 

i 
i 

Bmnn.tbot* 

CnjlcJiw.  irun 

gs.'jsa     :     :     : 

Ei»<S&;'™r" :     : 
^^i-iSS      : 

loin.  wood,  lid;     - 

—■-{rrii'': 

liiiiT   1  iiuide  plBt*- 

f  .l-tniCtiiillAl,  HTOlL 

8igbl.Jw«™j^       ;           -           - 

Socket.,  metel.  Uneent  nsbt 

Tmt-pieow    .         .         -         ■ 

lrKDdi.lUii««lerallDenHiki      - 

1 

I 

: 
1 

1 

-i 

- 
I 
1 

\ 

: 

1 

i 

i 

7 
- 

i 
i 

> 

i 
1 

: 

1 
- 

(-Inued   in   oa- 
8eep.lH. 

-M-pr.lScwt. 

fTho  A  p«tt«n 
3     jtunofTicwt. 

(.    SS^wl  ""'"' 
Se^Hnt  pl»ot. 

f-With  two  ut 

*  Uoinml  pft(t«nu. 

:  Thslireei^KiniwifDr  theM-priofSS-cwt.and  tO-pr.  of  Si  cwt.  hive  thr««ds  of  dllhreDt  plkb  ud 

Ibenfure  arc  not  iat«rchiuig»t>lt'. 


NoTK— Alltheat 


ra  m  ult«ndiaiieMil>lc  with  guni  of  tba  n 


e  Diture,  eiceptlng  t  !■ 


SIGHTB   AND   STORES,    R-B.U   QONS. 


5"!     U-l 


^  s 


i 

ni 

i 
|1 

m 

1 

i 

s 

i 

Eh  4'. 

i 

^f  li  1 

1 

K 

1 

5 
s 

liiiiifhii 

w.jj.'SS; 

::iju:  c::j: 

M 

a             B 

I- 

II 

ii 

k 

I 

I 
I 

A  EC 


.    VATDBEB   OF   ILB.L.   OUNS. 


CHAPTER  VII. 


R.B.L.  GUNS  IN  THE  SERVICE. 


j«_7.iQch  of  72  cwL— T-inch  of  82  cwt — iO-jtt., 
32  cwt. — (O-pr.,  95  CWt — ao-pr.,  15  cwt. — 20-pr.,  15  cwt.— 20-pr,,  13  owt — 12-pr., 
8  cwt.— 9-pr.,  6  cwt— e  pr.,  3  cwt.— Wedge  64-pr.,  61  cwt.— Table  Of  Dlmen- 
•lOBS,  &G.,  &c.  of  B.L.  guns. — N  amber  \u  the  Bcrricc. 


The  ibllowing  is  a  short  description  of  each  natnrc  of  R.B.L.  giin  in 
the  service,  u  list  containing  the  whole  of  which  will  be  found  at  p.  166. 

74acli  of  79  cwt.  L.S.  cooBists  of  :— 

A  tube  or  inner  barrel.  f 

Breech-piece  and  B  tube. 
Trunnion  ring,  and 

Four  coiln.     (Se«  Lithograph 


R.G.F. 


No.  12.' 

Recommended  in  1859  (then  lOU-pr.),  for  the  nav;,  as  a  broadside  or 
pivot  gun,  to  replace  Hie  66-pr.  Huiootii  bore,  but  it  was  HoOn  discovered 
that  owing  to  the  gun  being  no  light,  the  recoil  on  board  ship  was 
excessive  ;  hence  only  a  few  (76)  of  this  weight  were  manufactured. 

There  are  two  classes  of  this  gun,  respectively  marked  on  the  loft  §  598- 
tmnnion  A  and  B  ;  they  only  differ  in  length  of  barrel  nnd  breech,  A 
being  2"  longer  in  the  barrel  than  B,  and  2"  tihorter  in  the  breech. 

In  1863  iU  designation  wa«  changed  to  "light "  llO-pr.,  and  finally,  $660-899- 
to  7-iiioh  of  72  cwt. 

This  gnn  is  only  used  lor  garrison  service. 

7'iuclk  (im  of  83  cwt.  L.S.  and  S.S.  consists  of: — 

A  tube.  Trunnion  ring,  and  §  gjs. 

Breech-piece  and  B  tube.  Six  coils.     (See  No.  10.) 

7-iNca  R.B.L.  Oun,  82  cwt.— Scale  j  ia.ai  foot. 
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VENi-piBCB.t — Soale  }  iu.—  I  foot. 


1B68,  p.  3S0. 
Beport  on  Ord- 


Thiagnn  was  introduced  in  1861,  being  a  stronger  gun  than  the  7-tDch 
of  72  cwt.  It  ie  known  from  the  latter  by  hnTuig  a  high  coil  in  front 
of  the  vent  slot,  termed  n  "strengthening  coil,"  and  an  additional  coil 
in  front  of  the  tninnioos. 

It  is  used  by  the  land  and  tea  service,  hut  not  being  sufficiently 
powerful  for  the  penetration  of  iron  plates  it  has  been  replaced  in  tlie 
naval  service  by  M.L.  guns. 

It  was  first  termed  "  lOO-pr.,"  but  afterwards  in  1861,  when  the 
weight  of  projectile  woa  increased  to  1 10  lbs.,  it  waa  so  designated  1 10>pr., 
and  lastly,  7-incb,  as  at  present. 


*  The  sighting,  an  shoiTD  in  the  diagrsm,  with  respect  to  the  socket  ai 
i  DOW  thai  of  (he  T"  T3-c*t.  gun. 
I  The  projection  xbown  on  top  of  the  Vent  piece  ia  obwtele. 
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16.5 


CHAP.  vn. 


40-pr«  gun  of  32  ewt.*  cal.  4"*76  L.S.  and  S.S.  consists  of : —         c  901, 

A  tube. 

Breech-pieoe  and  B  tube. 
Trunnion  ring,  and 
Three  coils.    (See  No.  13.) 
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•  There  were  in  the  senrice  until  lately  two  other  B.L.  guns  with  wedge  bieech- 
eloung  ftpparatus,  which  are  now  withdrawn  to  reserve.  The  diagram  at  p.  165  shows 
the  heavier  natore,  a  64-pr.  of  61  cwts.    The  other  gnn  was  a  40-pr.  of  82  cwt. 
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CHAP.  VIL  Tjutoam  Biowt  *md  Bnro.    Scile  a  in.  •-  1  foot,' 
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Recommended  in  1859,  for  the  navy,  na  a  broAdside  or  pivot  gun  ;  it  CHAP,  VII. 
ia  also  now  nsed  by  the  land  service  for  batteries  of  position,  siege  and  ^  "T  qj 
garrison  purposes.  nt^isc-i. 

A  few  of  these  guns  have  trunnions  made  of  east  iron,  and  are  known  p.  176. 
by  the  face  of  the  trunnion  being  l>ored  out  iti  tlii.'  ceud'L-. 

Thb  gun  is  sometimes  teimed  the  O.P.  (old  pattein)  40-pr. 

40-pr.  put  of  35  cnrt.  caL  4"-75  L.S.  and  S.S.  consists  of  the  same  §  ^^• 
number  of  parts  as  thB  32-cwt.  gun,  but  has  a  longer  and  a  stronger 
breech-piece,  which  is  unsupported  behind  the  vent  slot  and  rounded  off. 


±i 


It  baa  a  raised  coil  in  front  of  the  vent  slot,  and 
pattern. 


s  known  as  the  "  G  " 
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Chap,  VII.  Takoikt  Sionr  RiKG.    Seti«  S  In.  -  1  fixil. 


'  IntcrchangMble  for  both  40-fm. 
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lo9 


'   p.  2iti. 


Thiti  pattern  was  introduced  in  1860,  more  as  a  matter  of  precaution  CHAP.  VII. 

than  from  any  Hjraptoms  of  weakness  in  the  lighter  nature.     It  ia  nsed  

for  the  same  purposes  as  the  32-cwt.  gun,  (ind  the  flttinge  are  inter-  ''^"•f  <>"  t>nl- 

changeable  with  the  exception  of  the  breech-screw,  which  haa  adifTerent  ''""™' 
shape  and  pilch  of  thread. 

20-pr.  enn  of  16  cwt.  cal.  3"' 75  T~S.  consists  of: — 

A  tube.  '        Trunnion  ring,  and 

Breech -piece.*  |        Five  coils.     (See  No.  14.) 

sn-PB.  R.B.L.  Qirs  of  1G  cut.    Scale  i  in.  =  1  foot. 


Recommended  in  1859  (then2jpr)  is  u  I  ^ht  ^un  of  poiition,  but  It  upon  oi 
^subsequently  it  ivns  icsolved  to  use  a  li^hlei  projK  die  lienco  its  altera-  "»■>«,  l( 
tioii  to  2U-pr.     It  isufled  only  for  liea\}  held  Imtteiies  of  resene  p.!77. 

30-pr.  gnu  of  IB  cwt.  cal.  3"-75  S.S.  consisla  of : —  §  ^'>*- 

A  tube.  I        Trunnion  ring,  and 

Breech-piece.  |       Three  coils.    (See  No.  15.) 

aO-PR.  B.BX.  Odn,  15  CWT.     Scale  ]  in.  =  1  fool. 
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*  Guns  Dnder  40-pn.  have  no  B  tnlte*. 
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CHAP.  vn.        Was  adopted  in  1869,  for  the  nsvy,  m  a  broadside  gun  for  uMpB  of 

. tlie  sloop  class,  in  which  there  is  not  sufficient  width  of  beam  to  work 

Report  on  Ord-  tJig  limd  Bervice  20-pr.     tts  esternnl  Appearance  is  entirely  different 
""""  ""*        ihtm  that  of  the  land  service  20-pr.,  as  it  ia  2^  feet  shorter,  has  a  raised 
coil  in  front  of  the  vent  slot,  aud  the  breech-pieco  is  unsupported  in  the 
rear. 


p.  S18. 


SO-pr>  fu  of  13  cwt.  cal.  3'7S"  S.S.  consists  of : — 

A  tube. 
Breech-piece. 
Tmnnion  ring,  and 
Four  coUb.     (See  No.  16.) 


Tahoiht  Sioux  and  IUkq.    Srnle  3  io.  =  1  foot. 


*  lutercluuigeBble  for  kit  90-iirt. 
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Bbuoii-sgrsw.*    Scaie  I^  in.  =  1  foot. 


Becommended  in  1859,  for  the  navy,  bs  &  boat  or  fietd  marine  gun,  BepononOrd- 

and  ie  termed  the  "  pinnace  gun."     This  and  the  1 5-cwt.  gun  are  much  nuee,  1669, 

alike  in  appearance,  but  differ  in  their  conetructtou,  the  heavier  pattern  P-  3)8;  1B63, 

being  stronger  in  every  respect ;  neither  of  them  shoot  ftB  well  as  the  P-  '"■ 
L.S.  20-pr. 

It  is  now  used  on  the  upper  dRcks  of  ironclad  ships  for  action  at  §1986- 
close  quarters  to  repulse  boarderB,  for  firing  at  torpedo  boats,  &c.,  and 
is  mounted  on  a  carriage  which  allows  20°  elevation  or  30°  depression. 
When  so  used  it  is  fitted  on  the  right  side  with  a  gun  metal  elevating 
pUte,  and  steel  pivot  for  elevating  rack,  similar  to  that  used  with  heavy 
guns. 


B  of  8  ewt.  cal.  3"  L.S.  and  S.S.,  and  consists  of  :- 


A  tube. 
Breech-piece. 
Trnnnion  ring,  and 
Three  coils.    (See  No.  7.) 


ia~PR.  R3.L.  Omf,  B  OWT.     Scale  }  Id.  = 


d 


162  NATUBES  OF   B.B.L.  OTJKS. 

PTTAP    Vfl 

-  Takowt  StoHt  AiTO  Bwo.    8c«le  3  Inn.  •=  1  foot. 


Bepoit  on  Old*  This  was  recommeaded  in  1858,  for  the  laud  Bervice,  aa  it  field  batterer 
na&cB.lSS!,  guo,  and  BnbBeqoently  adopted  by  tbe  navy  as  a  boat  or  field  marine  gun ; 
S'iof  ^^^  ^^^  "^^^  pattern  was  12  inches  shorter,  and  without  the  grip  at 

■  the  muzzle. 

§  839.  In  1863  an  universal  pattern  was  introduced  for  both  aervicea  the 

1  las  ^'^'  P"^'^'^  being  altered.     This  necessitated  a  leather  collar  aa  a  special 

*  store,  for  the  vent  slot  was  widened  at  its  rear  part  to  take  a  thicker 

vent-piece,    causing  a  portion   of  the    breech-screw  thread  to  project 

behind.    The  leather  collar  can  be  pared  round  according  as  the  tmech- 

Bcrew  face  wears  on  service. 
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The  calibre  of  the  9-fr,  gun  bein^  the  saine  as  this  gnu  it  can,  on  an     CHAP.  Til. 

emergency,  uie  the  ^pr.  ammunition,  but  not  vice  versa,  the   12'pr.  

ammunition  being  longer  than  the  9-pr. 

fi-pr.  ftm  of  6  ewt.  cal.  3"  L.S.  and  S.S.  consists  of:—  S  ^'>S- 

^  tube. 
Breech-piece. 
TrunnioD  ring,  and 
Three  coils.    (See  No.  6.) 

9TB.  B.BJ^  Gph,  6  cwT.    Scale  J  in.  =  1  foot. 


Inttodaced  in  1862,  tor  the  Horse  Artillery.    The  ootj  use  it  in    G  474. 
tome  cues  aa  a  boAt  or  field  marine  gun.  I  »>■ 
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CHAP  Tn.        S-pr.  c«B  of  3  ewt.  ckl.  2  -  5"  L.S.  and  S.S.  ooiuiati  of :- 

A  tube. 

%  806.  Breech-piece. 

Trunnion  ring,  and 
One  coiL    (See  No.  5.) 


B«pott  i»  (M-  Recommended  in  1858,  for  monntain  eerrice,  bnt,  u  it  was  eoaaiderad 
mnM,  1801,  too  great  a  load  for  a  mule,  its  nee  is  restricted  to  cokmial  faattariea  i 
^  "*'  the  navy  employ  it  as  a  boat  or  field  marine  gnu,  where  not  replaced  by 

R.M.L.  7-pra. 

Wkdgb  Guns. 
|S9T.  The  two  natnrei  of  wedge  gane  introdaced  in  1864,  vide  p.  89,  ban 

Wedgt  Qa&i."    been  withdrawn  from  service  and  placed  in  reserve,  bnt  in  order  to 

show  the  wedge  system  of  breech -dosing  employed  with  than  tbs 

diagram  below  is  given. 
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Si-pa.  R.B.L.  (Wedob)  Omr,  61  cwt.    ScaJe  j  iD,»l  fool. 


ztr::i:dt-":3 : 


SiQiiiiHG.    Scale  }  iD.=  1  foot 


the  piece,  and  the  breech  waa  closed  by  means  of  a  steel  stopper  supported 
bj  an  iron  wedge  sliding  in  behind  it. 

Upon  the  Eace  of  the  stopper  wh  hung  a  tin  cup  to  make  the  joiot 
gwtight 
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CHAPTER  VIII.  CHAi'.vuL 


MANUFAOTFRE  OP  PRESENT  PATTERNS  OP 

R.M.L.  ORDNANCE. 


All  present  Vrnttem  Servlee  Omis  built  up  In  a  •Imllar  manner. — Con- 
Terted  guns  excepted. — Armstrong  or  original  construction. — ^Fraser  construction. 
— ^Advantages  of  latter  in  manu&cture. — Bnlldinff  up  of  a  7-lneb  Woolwlob 
dan. — Steel  tube,  operation  of  toughening. — ^B  tube,  how  prepared. — Breech 
coil  or  jacket — ^Different  parts  o£ — Shrinking  the  several  parts  together.— 8-inch  gun 
manufactured  as  7-inch. — Difference  in  construction  of  9-inch. — Of  10-inch  guns 
and  npwaxds. — Of  80-ton  gun. — Construction  of  rifled  howitzers — Manufacture  of 
64-pr.  guns. — Siege  pieces. — Construction  of  our  field  guns. — 7-pr.  steel  guns. — 
Vrooeeeee  alter  boildinff  up  and  before  Proof! — Forming  gas  escape. — 
Chamber  in  Woolwich  guns,  40-pr.  and  upwards. — Bifling. — Venting  for  proof. — 
ktlon  and  Proof. — Proof  charges  for  heavy  guns. — Proeesaea  alter 
r. — Lining. — Sighting. — Service  venting. — ^Marking  and  adjusting  fittings. — 
Painting  and  final  issue. 


All  R.M.L.  pieces  of  the  patterns  now  being  manufactured  (except  Manufacture  of 
converted  guns)  are  built  up*  in  a  similar  manner.     That  is  to  saj,  over  latest  pattern 
a  barrel  (or  A  tube)  of  steel  are  shrunk  a  certain  number  of  coils  or  K.M.L.  ord- 
otber  pieces  of  wrought  iron  according  to  the  size  of  the  gun,  while  a  ^^^^^' 
cascable  is  screwed  into  the  end  of  the  coil  which  comes  over  the  breech 
end  of  the  tube  and  fitting  closely  against  the  solid  end  of  the  barrel, 
supports  it  firmlj. 

In  25-pr,  guns  however   and  smaller  natures,  the  solid  end  of  the  Cascable 
steel  tube  projects  bejond  the  breech  end  of  the  jacket  and  is  turned  screws. 
down  to  a  cascable.     Such  guns  therefore  have  no  cascable  screw  and 
also  no  gas  escape.    Vide  p.  347. 

The  smallest  piece  we  manufacture — the  7-pr. — is  made  out  of  a  single 
block  of  steel  and  is  therefore  an  exception  to  the  above. 

Until  April  1867  all  our  rifled  M.L.  guns  were  built  up  like  the  Difference 
B.L.  guns — of  wrought  iron  coils  shrunk  together  successively  on  Sir  between  the 
William  Armstrong's  original  plan.     The  plan  proposed  by  Mr.  R.  S.  "origmal" 
Fraser,  of  the  Royal  Gun  Factories,  was  then  adopted ;  but  manufacture  *°^  P"»ent 
on  the  original  construction  did  not  cease  altogether  untO  March  1868.    ^°**''*<^*^^'^ 

Mr.  Fraser's  plan  is,  as  stated  in  a  previous  chapter,  an  important  Fraser  con- 
modification  of  the  original  method,  from  which  it  differs  principally  in.struction. 

*  Guns  of  patterns  made  previous  to  1869  were  manu&ctured  on  the  Armstrong 
or  modified  Armstrong  construction,  vide  p.  30,  or  had  some  other  points  of  difference. 
The  details  of  their  construction,  showing  how  thej  differ  from  the  present  pattern, 
are  given  in  Chapter  XI.,  and  are  shown  also  in  the  Plates  at  the  end  of  the  book. 
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Small  number 
of  parts. 


CHAP.  Vm.  building  up  a  gun  of  a  few  large  and  comparatively  heavy  coils  instead  of 
several  short  ones  and  a  forged  breech -piece. 

For  example,  in  addition  to  the  steel  barrel  and  cascable,  a  "  Frascr  " 
7-inch  gun  has  only  two  separate  parts,  viz.,  the  breech  coil  or  jacket 
and  B  tube,  whereas  the  7-inch  gun  of  original  construction  has 
a  forged  breech-piece,  a  B  tube,  a  trunnion  ring,  and  six  coils — 
nine  distinct  parts — which  are  shinirik  on  separately  (see  Mark  I., 
Plate  VIII.). 

The  formation  of  a  heavy  coil  is  a  simple  forge  operation,  but  great 
expense  is  saved  by  its  means,  as  there  is  much  less  surface  to  be  bored 
and  turned,  for  each  coil  having  to  be  made  as  smooth  as  possible, 
and  at  the  same  time  true  to  gauge  (to  a  thousandth  of  an  inch),  it 
follows  that  it  must  be  cheaper  to  have  a  few  thick  ones  in  lieu  of 
many  thin  ones.  For  the  same  reason  there  is  also  less  waste  of 
material ;  for  although  the  turnings  are  afterwards  worked  up  into  bars, 
iron  in  its  scrap  state  is  only  worth  one-tliird  of  its  forged  value. 

Moreover,  time  and  labour  are  also  saved  in  having  fewer  pieces  to 
move  from  workshop  to  workshop  ;  for  instance,  in  the  case  of  a  gun 
of  original  construction,  when  a  coil  was  shrunk  on,  the  mass  had  to  be 
moved  ft'om  the  shrinking  pit  to  the  turning  lathe,  and  turned  down 
for  the  next  coil,  and  so  bn,  coil  by  coil,  until  the  gun  was  built  up ; 
but  in  the  Fi*aser  construction  only  two  or  three  separate  shrinkings  are 
required,  and  it  is  computed  that  where  fifty  tons  were  moved  in  the 
former  case,  only  seven  are  moved  in  the  latter. 

From  these  circumstances,  combined  with  the  employment  of  cheaper 
iron,  a  Fraser  gun  can  be  made  at  about  two-thirds  of  the  cost  of  a  gun 
of  the  same  nature  as  originally  manufactured,  while  the  experiments 
which  were  caiTied  out  previous  to  the  introduction  of  this  construc- 
tion clearly  prove  that  guns  of  this  pattern  are  at  least  quite  as 
trustworthy  and  serviceable  as  those  of  the  original  pattern. 

Up  to  1869  Fraser  guns  were  made  on  the  same  type  as  the  7-inch 
gun,  Mark  III.,  about  to  be  described,  which  construction  is  still  retained 
for  7-inch  and  8-inch  guns.  Since  that  date,  however,  9-inch  and 
heavier  guns  have  been  made  with  the  wrought  iron  over  the  breech 
in  two  layers  of  coils.  The  "  Mark  "•  of  each  calibre  of  gun  approved 
for  future  manufacture  is  as  follows,  \\z, : — For  7-inch  and  8-inch  guns, 
Mark  III. ;  7-inch  of  90  cwt.  Mark  I. ;  for  9-inch  guns,  Mark  V. ;  for 
10-inch,  11-inch,  and  12-inch,  (2o-ton  guns,)  Mark  11. ;  and  for  12-inch, 
35-ton  guns,  Mark  I.;  12* 5-inch  38  tons,  Mark  L;  64 -pr.  64  cwt^ 
Mark  III.  ;  40-pr.  35  cwt,  Mark  II. ;  25-pr.  18  cwt,  Mark  L  ;  16-pr. 
12  cwt,  Mark  1. ;  9-pr.  8  cwt,  Marks  I.  and  II.  ;  9-pr.  6  cwt.,  Mark 
II. ;  7-pr.  steel  150  lbs.,  Mark  HI. ;  7-pr.  steel  200  lbs.,  Mark  IV. 


Reduced  cost 
of  present 
construction. 


"  Marks  *»  of 
guns  at  present 
manufeultured. 


Details  of  Xanvfiactare  of  Woolwich  Chuuu 

ManuflMstare  of      We  will  now  proceed  to  the  details  of  the  construction  of  a  Woolwich 
a  heavy  gun,      gun,  and  will,  for  the  sake  of  convenience,  take  the  manafactnre  of  a 

heavy  gun,  and,  as  a  good  example,  that  of  a  7-inch,  and  then  see  how 
the  manufacture  of  the  larger  and  smaller  natures  differ  slightlj  from 
the  same. 


7-iiioh. 


*  In  November  1867   the  word  *'  Mark  "  was  substitvfed  for  ** 
$  1545. 


PMtern.''    See 
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CHAP.  vm. 

7-liich  Gun,  Mark  III.  

This  gan  consiBts  of : — 

An  inner  barrel  or  tube  of  toughened  steel  {A  tube). 
A  B  tube. 
A  breech  coiL 
A  cascable. 

Steel  tube. 

The  steel  for  the  tube  is  received  from  the  contractors  in  the  form  of  a  tube, 
a  solid  ingot,  which  is  rough  turned,  care  having  been  taken  to  fix  it 
truly  centi'al  in  the  lathe  by  means  of  a  chuck  at  the  muzzle  and  the 
centre  at  the  breech.  In  this  operation  a  4ip  or  collar  is  formed  at  the 
muzzle  to  facilitate  the  lifting  of  the  tube  in  and  out  of  the  furnace  and 
oil  bath  ;  the  slice  for  testing  is  also  cut  off  the  breech  end  during  the 
rough  turning.  The  tube  remains  in  this  state  until  the  result  of 
the  required  tests  (which  are  described  in  Chapter  V.)  are  known. 
Should  the  ingot  not  be  rejected  the  manufacture  proceeds. 

The  block  is  next  bored  roughly  from  the  solid.     The  boring  head  is  Roagh  boring 
the  ordinary  shaped   **  half-round   bit "   with   one  pointed    cutter  set  and  fomiDg. 
angularly,  and  three  steel  burnishers.     After  this,  the  conical  chamber 
(which  is  in  all  Fraser  guns)  is  roughly  formed  by  means  of  a  cylindro- 
conoidal  head  with  one  long  cutter  and  six  steel  burnishers,  two  on  the 
taper  part  and  four  on  the  cylindrical.* 

The  tube  is  now  ready  for  toughening  in  oil.     This  operation  consists  in  Toaghening 
heating  the  roughly  bored  tube  to  the  approved  temperature  in  a  vertical  hi  oil. 
fnmace,  and  then  plunging  it  bodily  into  a  bath  of  rape  oil,  in  which 
it  is  allowed  to  cool.  - 

The  tube  is  lifted  by  a  crane,  and  placed  in  a  perpendicular  position  ^ 
in  an  upright  furnace ;  an  iron  coil,  larger  in  diameter  than  the 
steel  tnbe,  is  placed  upon  the  fire  bars  at  the  bottom  of  the  furnace 
for  the  tube  to  rest  upon  ;  beneath  this  iron  coil  is  placed  a  piece  of  plat« 
iron,  to  prevent  the  cold  air  coming  in  contact  with  the  steel,  and  in 
order  to  obtain  an  uniform  temperature  at  the  extreme  end  of  the  steel 
tube  the  iron  coil  is  filled  with  wood  ashes. 

After  the  steel  has  acquired  the  proper  temperature  throughout, 
the  crane  is  brought  over  the  furnace ;  the  cover  of  the  latter  is  removed, 
and  the  block  of  steel  is  drawn  out  and  placed  in  a  large  iron  tank 
about  20  feet  deep,  full  of  oil.  The  heated  steel  sometimes  causes 
the  surfiftce  oil  to  take  fire,  which  is  extinguished  by  closing  the 
covers  at  the  top  of  the  tank.  The  tank  has  a  water  space  around 
it  through  which  a  supply  of  cold  water  permeates  for  the  purpose  of 
keeping  the  oil  cool.f 

The  process  of  toughening  has  a  bad  effect  in  two  ways ;  it  not  only  Effects  of 
warps  the  steel  a  little,  but  frequently  causes  the  surface  to  crack.     The  toagheniDg 
barrel  must  therefore  be  slightly  turned  and  bored  to  make  it  straight  in  oil. 
inside  and  outside,  as  well  as  to  remove  any  fiaws  that  may  have  been 
generated.     This  second  boring  (performed  with  a  cylindrical  boring 
head,  fitted  with  five    long  edged  cutters  and  five  wood  bumishers) 
increases  the  diameter  to  6*6  inches.     By  this  the  cracks  are  generally 


*  Bough  and  fine  boring,  forming  the  chamber,  and  broaching,  are  all  effected  in 
the  eame  borixontal  machine,  the  difference  being  in  the  shape  of  the  boring  head 
and  oottcn. 

t  A  fall  detcription  of  this  process  is  given  in  "  The  Management  of  Steel  **  by 
Ifr.  Gtoorge  Ede  of  the  Bojal  Gun  Factories. 
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removedy  but  several  tubes  have  been  rejected  in  consequence  of  flaws    CHAP.  VIIL 

still  appearing  to  penetrate  to  a  dangerous  depth,  and  lest  there  should         

be  any  not  visible  to  the  eye,  the  steel  barrel  is  subjected  to  the 
following  water  test : — 

The  tube  having  been  recessed  on  the  face  for  a  gutta-percha  ring,  and  Water  test 
inside  the  muzzle  for  a  leather  cup,  is  fitted  with  these,  placed  in  a  after  toughen- 
horizontal  hydraulic  press,  and  screwed  tightly  up  between  two  cast  iron  *°^- 
heads  by  means  of  two  strong  wrought  iron  bars  extending  from  head  to 
head,  and  portions  of  which  are  threaded  and  furnished  with   nuts, 
worked  by  a  long  spanner.    The  tube  is  then  filled  with  water  from  the 
main,  through  a  hole  in  head  and  leather  cup,  the  pipe  of  the  press  fixed 
into  the  hole,  and  the  pump  set  to  work  by  steam.     The  pressure  on 
the  interior  is  shown  by  two  indicators,  one  vertical  and  one  horizontal, 
so  as  to  check  one  another.     When  4  tons  per  square  inch  is  indicated, 
the  pressure  is  withdrawn^  and  if  no  flaw  has  been  detected  by  moisture 
on  the  exterior,  the  tube  is  considered  safe  and  sound.     The  barrel  is 
left  in  this  state  until  the  B  tube  is  ready  to  be  shrunk  over  it. 

The  steel  tubes  for  every  piece  built  up,  and  that  from  which  a  7-pr.  All  steel  tubes 
is  entirely  made  are  treated  in  exactly  the  same  manner,  except  as  to  the  treated  alike, 
amount  of  pressure  applied. 

The  B  Tube. 

The  B  tube  is  composed  of  two  single  and  slightly  taper  coils  united  B  Tube, 
together. 

The  two  coils,  being  made  and  welded  in  the  usual  way,  they  are  Two  coils 
ilEMsed  and  reciprocally  recessed  to  the  depth  of  about  one  inch,  and  then  welded 
tinited  together  endways  by  expanding  the  faucet  of  one  coil  by  heat,  together. 
and  allowing  it  to  shrink  round  the  spigot  of  the  other.     This  fastens 
the  two  coils  sufficiently  together  to  admit  of  the  tube  thus  formed 
being  placed  upright  in  a  furnace,  whence,  when  it  arrives  at  a  white 
or  welding  heat,  it  is  removed  to  a  steam  hammer,  and  receives  on  its 
end  six  or  seven  blows  which  weld  the  joint  completely. 

The  B  tube  is  next  rough  turned,  during  which  process  a  rim  is  foimed 
near  the  muzzle  for  the  convenience  of  lifling  the  tube  in  ^  shrinking." 
After  this,  it  is  rough  and  fine  bored  in  the  same  horizontal  machine. 

The  interior  of  the  B  tube  having  been  brought  to  the  degree 
of  smoothness  requisite  for  dose  contact  with  the  steel  barrel,  is  gauged 
every  12  inches  down  the  bore.     To  the  measurements  thus  obtained,  Measuring 
the  calculated  amount  of  shrinkage  (0"*  003  at  the  muzzle,  and  increasing  interior  prior 
up  to  0"  •  022  at  the  other  end),  is  added ;  a  plan  b  then  made  out  accordmg  ^  shrinkiDg. 
to  which  the  exterior  of  the  A  tube  (or  rather  that  portion  of  it  on 
which  the  B  tube  is  to  go)  must  be  turned  down,  in  order  that  it  shall 
be  larger  than  the  bore  of  the  tube  by  the  required  amount  of  shrinkage 
at  the  respective  parts. 

The  plan  (as  illustrated  by  the  annexed  drawing),  is  made  on  a 
slip  of  paper,  and  together  with  a  corresponding  series  of  accurately 
measured  horseshoe  gauges,  is  furnished  to  the  turner,  who  tuiiis  down 
the  muzzle  end  of  the  A  tube  accordingly. 
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CHAP.  VIIL      The  reason  an  inner  tube  is  turned  to  suit  an  exterior  one,  instead  of 

the  latter  being  bored  to  suit  the  former  is,  as  previously  stated,  that  it  is 

much  easier  to  turn  than  to  bore  to  very  exact  dimensions,  on  account  of 
the  great  command  which  the  operator  has  over  the  turning  lathe,  and 
the  facility  he  has  of  testing  his  work  by  gauges,  and  correcting  it  by 
means  of  emery  powder  and  oil. 

The  Breech  Coil  or  Jacket. 

Breech  coil.  The  breech  coil  or  jacket  is  composed  of  a  triple  coil,  a  trunnion  ring, 

and  a  double  coil,  made  and  welded  together  as  follows  : — 

Triple  coil.  The  triple  coil  *  is  formed,  as  already  described,  by  coiling  three  bars 

one  over  the  other,  and  in  order  to  weld  its  folds,  is  placed  in  a  furnace 
for  about  seven  hours,  at  the  end  of  which  time  it  is  at  a  welding  heat, 
whereupon  it  is  rapidly  transferred  to  a  powerful  hammer,  and  receives 
a  few  smart  blows  on  its  upper  end,  which  close  the  folds  longitudinally. 
A  mandrel  somewhat  larger  in  diameter  being  then  forced  down,  the  coil 
turned  on  its  side,  and  well  hammered  all  round  to  make  it  dense,  and 
also  to  weld  the  three  layers  together.  It  is  replaced  in  the  furnace  for 
about  four  hours,  and  the  same  process  repeated  at  the  breech  end,  but 
with  a  smaller  mandrel. 

When  cold,  the  ends  are  faced  and  the  outer  coil  is  turned  down  at 
the  muzzle  end  to  form  a  shoulder  10"  long  for  the  reception  of  the 
trunnion  ring. 

Double  coil.  The  double  coil  t  being  welded,  as  above,  has  a  shoulder  formed  on  the 

lower  end  about  9  inches  long  and  |  inch  deep,  so  that  it  may  enter  the 
trunnion  ring  in  the  after  process  of  welding  the  parts  of  the  jacket 
together. 

Tmnnion-ruig.      The  trunnion  ring  is  made — as  described  at  p.  116 — like  all  wrought 

iron  trunnion  rings,  namely,  of  slabs  of  iron  consecutively  welded  together 
on  the  flattened  end  of  a  porter  bar,  and  gradually  formed  into  a  ring  by 
means  of,  first,  a  small  iron  wedge,  which  is  driven  through  the  centre 
and  punches  an  oval  hole,  and  then  by  a  series  of  taper  mandrels  in- 
creasing in  size,  which  make  the  hole  sufficiently  large  and  round.  The 
trunnion  ring  has  to  be  heated  for  each  punching,  and  the  occasion  is 
utilized  to  hammer  the  trunnions  roughly  into  shape,  one  of  them  being  in 
continuation  of  the  porter  bar.  Eventually  the  ring  is  cut  off  from  the  bar 
by  means  of  strong  blunt  hatchets  of  steel  hammered  through  it.  After 
this  it  is  roughly  bored  out. 

The  jacket  or  breech  coil  having  been  built  up  from  these  three  pieces 
(vide  p.  119)  is  turned  in  a  very  powerful  lathe. 

It  being  impracticable  to  turn  down  the  trunnion  portion  in  a  lathe,  it  is 
slotted  smooth  in  a  self-acting  vertical  machine  with  a  double  motion, 
one  of  which  moves  the  jacket  round  for  a  ft'esh  cut  at  every  stroke 
of  the  tool  which  the  other  works  up  and  down  accordingly.;^ 

The  trunnions  themselves  have  yet  to  be  turned  down  to  shape ;  so 
the  jacket  has  to  be  moved  for  the  purpose  to  another  machine,  a  break 
lathe,  in  which  it  is  made  to  revolve  on  the  axis  of  the  trunnions  while 
the  cutters  act  on  their  surface. 


*  In  diaf^'ain  called  "  Breech  Coil."  With  gunH  sach  as  the  9"  and  upwards, 
having  a  coiled  breech- piece,  the  jacket  is  termed  the  C  coil.  Iron  of  lam  section 
being  now  rolled  in  the  U.G.F.»  these  coils  are  generally  made  double  instead  of 
triple.  Greater  soundness  in  the  interior  is  thereby  ensured,  and  manufactare  is 
fiusilitated. 

t  In  diagram  called  "  C  *'  coa 

}  Since  1874  the  trunnion  shoulders  of  lO-inch  guns  and  upwards  have  been 
rounded  off. 


i 
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The  jacket  is  next  rough  and  fine  bored  in  a  machine  like  that  used  for    CHAP.  YIII. 
the  JB  tube,  but  more  powerful,  and  the  front  of  the  double  coil  is  recessed         — - 
on  the  inside  to  a  depth  of  eight  inches,  and  to  a  diameter  sufficient  to 
overlap  the  breech  end  of  the  3  tube. 

Finally,  the  female  thread  for  the  cascable  is  cut  by  a  machine  in  which 
the  jacket  revolves  horizontally,  while  the  cutter  is  fed  forward  by  a 
copying  screw.* 

Building  up  the  Gun,  or  shrinking  the  parts  together. 

The  steel  barrel  and  B  tube  being  prepared  for  one  another  as  Shrinking 
described,  are  shrunk  together  in  this  manner : — The  B.  tube  is  placed  on  a  the  parts  of  the 
grating,  and  heated  for  about  two  hours  by  means  of  a  wood  fire,  for  which  g^^  together, 
the  tube  itself  forms  a  flue,  until  it  is  sufiiciently  expanded  to  drop  easily 
over  the  muzzle  end  of  the  steel  barrel,  which  is  placed  upright  in  a  pit 
ready  to  receive  it.  The  B  tube  is  then  raised,  and  the  ashes,  &c.,  being 
brushed  from  the  interior,  it  is  dropped  over  the  steel  barrel  by 
a  travelling  crane  overhead.  During  the  process  of  shrinking,  a  stream 
of  cold  water  is  poured  into  the  steel  barrel,  to  keep  it  as  cool  as  possible, 
the  water  being  supplied  and  withdrawn  by  a  pipe  and  siphon  at  the 
muzzle.  A  ring  of  gas  or  a  heated  cylinder  is  placed  round  the  muzzle 
or  thin  end  of  the  3  tube,  to  prevent  its  cooling  prematurely,  whilst  a 
jet  of  cold  water  plays  on  the  other  end,  which  it  is  desirable  should 
grip  first ;  were  both  ends  allowed  to  contract  simultaneously,  the  inter- 
mediate part  of  the  tube  would  be  drawn  out  to  a  state  of  longitudinal 
tension,  and  weakened  accordingly. 

The  A  and  3  tubes  shrunk  up  (see  diagram,  page  170),  are  placed 
in  a  lathe,  and  while  one  cutter  fine  turns  the  B  tube  to  its  proper 
shape  and  dimension,  another  cutter  fine  turns  the  breech  end  of  the 
A  tube  according  to  the  plan  of  the  interior  of  breech  coil,  which  has 
been  made  out  according  to  the  method  already  explained.  The  projection 
at  the  breech  end  is  then  removed  and  the  end  faced. 

The  shrinkage  on  the  steel  tube  is  0"-01  at  the  extreme  breech 
end,  C' 02  at  the  shoulder  round  the  end  of  the  bore,  and  gradually 
diminishes  to  C'Ol?  at  the  point  where  the  jacket  abuts  against  the 
B  tube,  while  the  overlapped  portion  of  the  B  tube  is  given  a  shrinkage 
of  0"- 023. 

The  half-foimcil  gun,  composed  of  A  and  B  tubes  shrunk  up,  being 
next  placed  standing  on  its  muzzle  in  the  shrinking  pit^  the  jacket  is 
heated  for  about  10  hours,  and  shrunk  on  in  the  same  manner  as  the 
B  tube  ;  it  is,  however  (being  nearly  of  the  same  thickness  throughout), 
allowed  to  cool  naturally,  and,  to  keep  the  interior  cool  cold  water 
has  to  be  forced  up,  into  the  bore  of  the  gun  by  a  jet  round  which 
the  muzzle  rests. 

8-inch  O111I9  Mark  III. 

Consists  of  same  parts  as  the  7-inch,  Mark  III.,  and  the  processes  in 
manafiactore  are  identical. 

9-INCH  Guns  of  12  tons,  and  7-iNcn  of  90  cwts. 

As  the  guns  increased  in  size,  the  jacket  constructed  as  described  Jackets  of 
for  7-inch  and  8-inch  guns,t  became  veiy  ponderous.      For  theoretical  heavy  guns. 


*  In  larger  natures  this  is  cat  in  the  breech  coil  instead  of  the  jacket,  vide  p.  174. 
f  The  ooila  would  otherwise  have  been  very  thick,  and  the  certainty  not  so  great 
of  ensuriDgthrooghoiit  their  thickness  the  soundness  necessary. 


174 
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CHAP.  vni.  reasons  aud  manufacturing  conveniencei  therefore,  this    portion  was 

reduced  in  size  in  the  9-inch  guns  and  upwards,  by  taking  out  a  part  of 

the  interior  and  shrinking  this  part  over  the  breech  end  of  the  steel  tube 
as  a  separate  coil,  termed  the  breech-piece. 

By  adopting  this  construction,  which  also  possesses  theoretical  ad- 
vantages,* we  are  further  enabled  to  complete  the  rifling,  &c  of  the 
piece  before  the  jacket  is  put  on  and  the  gun  made  so  heavy  as  to  be 
inconveniently  moved  from  one  workshop  or  machine  to  another. 


9-inch  goDS 
and  upwards 
rifled  before 
the  jacke  lis 
shrank  on. 


Consists  of : — 


O-inchy  Marks  IV.  and  V.f 

A  tube  (toughened  steel). 
B  tube. 
Coiled  breech-piece. 
C  coil  (jacket). 
Cascable. 
The  A  tube  is  prepared  up  to  the  point  of  shrinking,  as  already 
described. 

The  coiled  breech-piece  consists  of*  two  coils  united,  and  being  finish 
bored,  and  a  thread  cut  in  the  breech  end  for  the  cascable,  is  shrunk  on 
the  A  tube,  after  which  a  shoulder  is  formed  on  its  muzzle  end. 

The  B  tube  is  manufactured  like  that  already  described,  except  that  a 
recess  with  a  hook  is  cut  in  the  breech  end  for  the  purpose  of  joining 
it  to  the  coiled  breech-piece. 

The  cascable  is  screwed  in  before  the  C  coil  is  shrunk  on  in  this  and 
all  guns  of  similar  construction,  the  cascable  thus  gaining  the  advantage 
of  compression  due  to  shrinking. 

The  C  coil  or  jacket  is  composed  of  a  breech  coil,  trunnion  ring,  and 
muzzle  coil  welded  together,  and  being  finish  bored  and  turned,  is  slurunk 
on  over  the  coiled  breech-piece. 

The  remainder  of  the  operations  and  parts  are  similar  to  those  for 
7-inch  gun. 


7-inch  Gnny  90  Cwt.,  Mark  I. 

Consist  of  much  the  same  parts  as  the  9-inch  gun,  I^Tark  V.,:(  described 
below,  viz. : — 

A  tube  (toughened  steel). 
B  tube. 

Coiled  breech-piece. 
C  coil  (or  jacket). 
Cascable. 
Only  a  few  of  these  guns  have  been  manufactured  as  new  guns,  but  a 
considerable   number  have  been  made  by  reduction  from  the  7-inch 
gnos  to  90  cwt.  S.S,  gun  of  6^  tons,  vide  p.  268. 

In  both  cases  the  jacket  is  made  of  a  single  coil  and  a  trunnion  ring, 
but  in  the  reduced  guns  the  breech-piece  is  a  part  of  the  old  jacket 


Reduction  of 
7-inch  6|-ton 


*  Mark  T.  and  II.,  9-inch,  are  of  old  types,  one  being  of  original  Armstrong,  and 
the  other  still  keeping  the  forged  breech-piece.  Mark  III.,  however,  of  irludi  pattern 
a  number  were  made,  had  its  jacket  formed  like  the  7-inch 

f  Mark  V .  is  of  exactly  the  same  construction  as  Mark  IV.,  from  which  it  only 
differs  in  the  position  of  the  axis  of  the  trunnions  being  0'^  *  375  further  back. 

{  The  reduced  7-inoh  R.M.L.  is  described  here  as  it  consists  of  similar  parts  to  the 
9-inch  R.M.L. 
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which  remains  after  removing  the  tmnniooH  and  turning  off  the  outer    cHAP.  VHT. 
portion.  — ^ 

In  the  new  gnns  of  this  nature,  on  the  other  hand,  the  breech-piece 
consists  of  two  coils  united. 

With  reference  to  the  reduction  of  these  guns  from  7"  of  6^  tons,  it  Removing  the 
may  be  noted  that  it  is  not  easy  to  get  the  cascable  out  of  the  latter,  old  cascable. 
In  order  to  do  so  advantage  is  taken  of  the  expansion  of  the  breech-piece 
when  the  new  jacket  is  shrunk  on. 

lO-iNCH  Guns  and  upwards. 

For  pieces  heavier  than  the  9-inch,  the  weight  of  the  jacket  is  still  jackets  of 
further  reduced  by  making  it  much  shorter  in  front  of  the  trunnions,  lo-inch  guns 
the  portion  thus  taken  off  the  jacket  is  put  on  as  an  additional  coil,  and  upwards, 
over  the  steel  tube,  in  front  of  the  jacket.*     This  is  called  the  1  B  coil  l  B  coil  or 
or  belt.  belt. 

10-inch  giuiy  Mark  II*^  and  higher  natures  of  those  manufactured 
since  1869,  up  to  the  SO-ton  {Experimental)  Gun, 

Consists  of : — 

A  tube  (toughened  steel). 
B  tube. 

1  B  coil  (belt). 
Coiled  breech-piece. 
C  coil  (jacket). 
Cascable. 

The  manufacture  of  these  guns  is  similar  to  that  of  9-inch,  Mark  Y., 
except  that,  as  mentioned  above,  there  is  an  additional  piece  called  the 
1  B  coil,  or  belt,  shrunk  over  the  steel  tube  between  the  B  tube  and  coiled 
breech-piece.  This  is  for  convenience  in  manufacture,  owing  to  the 
length  of  the  gun.  These  guns  are  rifled,  &c.  before  the  jacket  is 
shrunk  on,  to  save  the  labour  of  shifting  the  whole  weight  from  one 
machine  to  another. 

In  making,  therefore,  the  C  coil  (or  jacket)  of  such  guns,  a  muzzle-  jy^ff  coils. 
coil  similar  to  that  used  with  the  smaller  natures  is  not  required,  but  a 
very  short  mnzzle  coil  (technically  called  a  *^  ring  coil)  "  is  placed  inside 
the  trunnion  ring  and  upon  the  end  of  the  breech  coil  and  welded  with 
these  two  latter,  vide  p.  119. 

The  16-inch  B.M.L.  Gun  of  80  Tons  (Bzperimental). 

This  gun  consists  of : — 

A  tube  (toughened  steel). 
B  tube. 

2  B  coil  (in  continuation  of  B  tube). 
1  B  coQ  (or  belt). 

Coiled  breech-piece. 
C  coil  (or  jacket). 
Cascable. 

Its  manufacture,  as  will  be  seen  from  the  plate  on  next  page,  is  similar 
to  that  of  the  10-inch,  Mark  II.  and  upwards,  except  in  the  fol- 
lowing particulars  :»- 

The  first  layer  of  tubes  shrunk  over  the  steel  barrel  consists  of  four 

*  liark  1.  of  10  and  1 1-inch  guns,  of  which  only  a  few  were  made,  had  their  jackets 
made  as  in  the  7-inch,  while  the  four  12-inch  of  25  tons,  Mark  I.,  were  of  original 
constmction. 


SO-Ton  Omt  in  various  Stages.* 

*  Not  exactl;  to  Kale,    tjhoulders  much  exaggtraled. 


c 
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CHAP.  VIII.  instead  of  three  pieces,  on  account  of  the  great  length  of  the  gun,  an 
additional  tube  called  the  2  B  coil  being  placed  between  the  1  B  coil  or 

2  B  coil.  belt  and  the  B  tube. 

Bt^  As  the  Ccoil  or  jacket  is  of  veiy  massive  proportions,  it  is  thus 

C  coil.  constructed : — Four  single  coils  are  prepared  from  bars  of  large  section 

and  two  joined  together  to  form  a  tube  which  is  turned ;  the  other  two 
are  then  shrunk  over  it,  and  the  whole  welded  into  one  mass. 

To  the  breech  coil  so  made,  the  trunnion  ring  and  short  muzzle  or 
ring  coil  is  added  as  usual,  and  then  all  are  welded  together  into  the 
solid  jacket.  The  section  of  the  bar  from  which  the  coils  mentioned  are 
made,  and  the  proportions  altogether  are  so  large  that  the  mode  of 
constructing  the  breech  coil  by  shrinking  one  tube  over  another,  as 
described,  has  been  adopted  both  to  ensure  a  fiurlj  homogeneous  mass 
and  for  convenience  of  manufacture. 

The  remainder  of  the  manufacturing  operations  with  this  piece  prior 
to  proof  are  similar  to  those  described  in  the  case  of  smaller  guns. 

Cascable.  The  cascable  will  probably  terminate  in  a  plain  button  for  L.S.  like 

that  of  the  38-ton  gun,  but  a  hole  will  be  bored  in  the  direction  of 
the  axis  of  the  cascable,  and  threaded  for  the  reception  of  a  strong 
screw  bolt  and  shackle,  the  latter  maj  be  used  in  lifting  the  gun,  and 
aftenvards  removed  so  that  the  total  length  of  the  gun  may  be  as  small 
as  possible.  The  plate  on  p.  177  shows  very  well  the  various  stages  of 
manufacture  of  this  gun. 

The  80-tou  gun  is  the  heaviest  gun  which  we  have  as  yet  made, 
though  there  appears  no  manufacturing  reason  why  guns  of  twice  or 
four  times  its  size  and  weight  should  not  be  made  in  the  same  manner 
and  of  equal  comparative  strength. 

Construction  of  Natures  below  7-inch. 

Constraction  of      We  will  now  take  in  detail  the  construction  of  R.M.L.  pieces  which 
guns  iii^ater       ^p^  lighter  than  the  7-inch,  and  of  patterns  now  being  made. 

10-inch  Billed  M.L.  Eowitser  of  6  tons  (Experimental). 

The  10-inch  howitzer  consists  of: — 

A  tube  (toughened  steel). 
Coiled  breech-piece  and  chase. 
Ccoil  (or  jacket). 
Cascable. 

The  construction  of  this  piece  is  slightly  exceptional,  for  the  coiled 
brcech-picce  and  that  part  which  in  most  guns  is  termed  the  B  tube, 
are  united  together  before  being  shrunk  on  to  the  steel  barrel,  and  so 
foiTn  a  single  tube  which  extends  from  breech  to  muzzle. 

This  mode  of  construction  is  adopted  for  convenience  in  manufac- 
ture, the  two  coils  of  which  this  breoch-piece  and  chase  are  made  being 
short  and  comparatively  thick  coils. 

A  tube.  The  A  tube  being  prepared,  the  coiled  breech-piece  is  finished  bored, 

the  thread  for  cascable  screw  cut,  and  a  shoulder  left  for  a  corresponding 
shoulder  on  the  steel  tube  to  abut  against. 

Coiled  breech-        The  coiled  breech-piece  and  chase  (in  one)  are  shrunk  on  to  the 

piece  and  ^  tube,  and  the  cascable  fitted  and  screwed  in^  a  gas  channel  being 

chase.  formed  in  the  usual  manner. 

The  exteiior  is  next  turned  down  for  the  reception  of  the  jacket,  two 
shoulders  being  left,  one  a  little  in  front  of  the  tnmnions,  and  the  other 
towards  the  breech  end. 
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The  C  coil  or  jacket  is  made  of  one  single  coil  and  a  trunnion  ring,    CHAP.  VIII. 
mannfactured  and  welded  together  as  usual,  and  then  shrunk  on  from         .T 
the  breech  end.    It  hooks  over  the  two  shoulders  left  on  the  coiled      ^^ 
breech-piece,  so  binding  the  gun  together  more  firmly  in  a  longitudinal 
direction.    This  and  the  remainder  of  the  operations  are  similar  to  those 
described  in  the  case  of  the  7-inch  gun. 

The  cascable  terminates  in  a  plain  button  having  no  loop.  Cascable. 

8-inch  BIfled  M.L.  Kowitser  of  46  cwt.,  Mark  Z. 

This  piece  consists  of: — 

A  tube  (toughened  steel). 

B  tube. 

C  coil  (or  jacket). 

Cascable. 

It  is  built  up  and  completed  in  the  same  manner  as  the  7-inch  gun,  Breech  coil. 
Mark  III.  described  in  Chapter  VII.,  but  the  breech  coil  or  jacket  is 
composed  of  one  single  coil  and  a  trunnion  ring. 

In  turning  down  the  A  tube  a  shoulder  is  left  over  which  the  B  tube  A  tabe. 
hooks  when  shrunk  on.  ^  ^^' 

The  cascable  has  no  loop,  but  terminates  in  a  plain  button.  Cascable. 

6*3-inch  BIfled  M.L.  Kowitser  of  18  cwt. 

In  construction  this  howitzer  exactly  resembles  the  8-inch  already  ConBtroctaon. 
described',  and  it  consists  of  the  same  number  of  parts. 

The  rifling  is  still  experimental.  Rifling. 

It  is  chambei'ed  like  the  64-pr.  R.M.L.  gun,  Mark  III. 

The  64-pr.  Bifled  M.L.  Gun,  Mark  III. 

This  gun  consists  of: — 

A  tube  (toughened  steel). 

B  tube. 

Ccoil  (or  jacket). 

Cascable. 

The  construction  of  this  gun  is  similar  to  that  of  the  7-inch  gun, 
Mark  III.,  already  described,  the  jacket  consists  of  a  double  coil,  a 
trunnion  ring,  and  a  single  coil  welded  together. 

Guns  of  this  nature  made  since  April  1871  have  solid  ended  steel  Steel  barrel. 
tabes  and  a  B  tube  shrunk  over  the  chase.    Before  that  date  64-pr.  guns 
bad  wrought  iron  tubes  as  explained  in  remarks  on  difierent  natures, 
p.  264. 

The  40-pr.  BIfled  M.L.  Gun  of  35  cwt.,  L.8.9  Mark  II. 

This  gun  consists  of : — 

A  tube  (toughened  steel). 

JBtube. 

B  coil. 

C  coil  (or  jacket). 

Cascable. 

In  construction  this  gun  differs  from  the  7-inch  in  having  an  additional 
B  coil  between  the  jacket  and  B  tube ;  this  mode  of  construction  is 
adopted  as  the  B  tube  would  be  inconvenient  to  manufacture  were  it 
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CHAP.  ym.  sufficiently  long  to  extend  from  the  muzzle  to  the  jacket,  as  that  part  of 
the  exterior  is  naturally  rather  thin  in  a  gun  of  this  size. 

The  26-pr.  Bifled  M.L,  Oqh  of  18  cwt.^  T».B*f  Xark  I. 

This  gun  consists  of: — 

A  tube  (toughened  steel). 

B  coil. 

C  coil  (or  jacket)* 

In  construction  this  gun  is  somewhat  similar  to  the  40-pr.  B.M.L. 
gun,  Mark  II.,  having  a  steel  tube,  jacket,  and  a  B  coil  in  front  of 
the  jacket.  It  has^  however,  no  B  tube  nor  cascable  screw,  and  so 
stands  midway  in  construction  between  the  heavier  guns  and  our  field 
pieces,  the  chase  consisting  in  part  of  the  steel  tube  unstrengthcned 
and  the  cascable  being  turned  down  from  the  projecting  breech  end  of 
the  steel  barrel  itself. 

Before  tempering  the  inner  tube  of  steel  a  hole  1  inch  diameter  and 
some  inches  deep  is  bored  in  its  solid  end  (so  as  to  reach  within  about 
2^  hiches  of  the  bottom  of  the  bore),  in  order  to  obviate  any  chance  of  its 
splitting  at  that  part  during  the  operation  of  toughening.  This  hole  Is 
subsequently  filled  in  by  a  screw  plug  when  the  tube  has  been  toughened 
and  proved. 


Cascable. 

A  tube  before 
tempering. 


Cascable. 


16-pr.  Bifled  M.L.  Gun  of  12  cwt.,  L.S.y  Xark  I. 

This  gun  consists  of : — 

A  tube  (toughened  steel). 
Ccoil  (or  jacket). 

This  gun  consists  of  two  parts  only,  viz.,  a  toughened  steel  tube,  and 
a  jacket,  composed  of  two  single  coils  and  a  trunnion  ring  welded 
together. 

The  cascAble  is  cut  out  of  the  solid  end  of  the  steel  tube,  as  in  the 
25«pr.,  and  the  chase  of  the  gun  for  a  distance  of  30^  inches  from  the 
muzzle  is  entirely  of  steel,  the  tube  being  thicker  at  that  part. 

9-pr.  Bifled  M.L*  Gun  of  8  cwt.,  !».&.,  Mark  I. 

This  gun  consists  of: — 

A  tube  (toughened  steel). 
C  coil  (or  jacket). 

This  gun  is  identical  in  construction  with  the  16-pr.,  except  that 
there  is  a  swell  at  the  muzzle  and  a  dispart  patch.  This  swell  ia  cut, 
out  of  the  solid  steel,  except  in  a  few  of  the  guns  first  made,  in  which  it 
consists  of  a  wrought  iron  ring  screwed  on.  These  can  be  known  by 
the  small  fillet  which  runs  round  the  chase  where  the  iron  ring  ends. 

The  cascable  is  recessed  to  receive  the  head  of  the  elevating  screw, 
which  is  fastened  to  it  by  a  wrought  iron  bolt,  both  secured  with  a 
steel  keep  pin. 


9-pr.  Bifled  M.L.  Gun  of  8  cwt.,  8.8.9  Mark  II. 

This  gun  is  constructed  in  exactly  the  same  manner  and  of  the  same 
parts  as  the  9-pr.  R.M.L.  gun  of  8  cwt.,  L.8.,  Mark  I.,  except  that  there 
IS  no  swell  on  the  muzzle. 
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The  9-pp.  BIfled  M.L.  Gtm  of  6  cwt.,  8.8.9  Mark  I.  CHAP.  vni. 

This  gun  is  identical  in  constrnction  with  the  16-pr.,  and  differs  from 
the  9-pr.  of  8  cwt  only  in  weight  and  length,  and  in  having  no  swell  at 
the  muzzle. 

9-pr.  Bifled  M.L.  Gtm  of  6  cwt.,  L.8.9  Mark  II. 

In  constrnction  this  gun  is  similar  to  the  9-pr.  of  8  cwt.,  L.S.,  Mark  I. 
It  is,  however,  both  lighter  and  longer,  the  bore  being  of  gi-eater  length 
than  that  of  the  latter  piece  bj  2^  inches. 

It  has  a  swell  on  the  muzzle  and  a  dispart  patch  with  recess,  into 
which  the  fore  sight  screwS: 

The  7^r.  BIfled  M.L.  Onn  (steel)  of  150  lbs.  L.8.9  Mark  III. 

This  gun  is  made  out  of  a  solid  block  of  steel  (see  Plate  I.),  rough 
bored  and  shaped,  then  toughened  in  oil,  and  afterwards  finished  in  the 
usual  manner. 

7^pr.  rifled  M.L.  CKm  (steel)  of  200  lbs.,  L.8.  and  8.8., 

Mark  IV. 

Like  the  7-pr.  of  150  lbs.  weight,  this  gun  is  made  out  of  a  single 
block  of  steel,  which  has,  however,  no  projection  at  the  muzzle  like  the 
block  for  the  former,  but  only  a  slight  patch  to  be  formed  into  a  dispart 
patch  subsequently.  This  piece  is  a  foot  longer  in  the  bore  than 
Mark  III.  gun. 

Processes  before  Proof. 

We  now  come  to  the  various  processes  which  the  7-inch  gun  we  have  Processes 
taken  as  a  type  undergoes  after  it  has  been  built  up  and  before  it  has  before  proof, 
been  proved.    The  following  are  the  operations  : — 


(1.^)  Screwing  in  the  cascable  and  completing  gas  escape. 

^2.^  Engraving  the  Royal  cypher. 

(3.)  Fine  boring. 

(4.)  Second  rough  cutting  of  chamber. 

(5.)  Finished  boring. 

(6.)  Broaching  of  bore,  and  finishing  of  chamber. 

7.)  I/apping. 

8.S  Rifling. 
(9.3  Temporary  venting. 


I 


In  the  case  of  the  8-incli  and  smaller  guns,  all  of  these  processes  are  8-inch  and 
performed,  as  stated  above,  after  the  gun  is  completely  built  up ;  but  with  smaller  pieces. 
9-inch  and  higher  natures  they  are  carried  out  before  shrinking  on  the  9-inch  and 
jacket,  with  the  exception,  of  course,  of  the  temporary  venting,  and  upwards. 
engraving  the  royal  cypher.    We  thus  avoid  having  to  move  about  ft'om 
one  machine  to  another  during  these  processes  so  heavy  a  mass  as  would 
otherwise  be  the  case. 

(1.)  The  cascable  is  made  of  the  best  scrap  iron.    It  is  first  forged  Cascable. 
into  an  oblong  block,  then  turned  cylindrical,  and  a  bevel  thread  cut 
on  it.     The  outer  end  is  partially  turned,  and  a  hole  is  drilled  for  the 
jmrpoBe  of  screwing  it  into  the  gun,  which  hole  is  subsequently  enlarged 
into  the  loop. 

With  guns  not  having  cascable  loops  the  portion  containing  the  hole 
is  cut  oneventually  when  the  button  is  completed. 
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CHAP.  VIIL      lliis  hole  is  afterwards  enlarged  into  a  loop,  except  in  the  case  of  the 
d5-ton  and  larger  guns,  and  with  R.M.L.  howitzers,  where  the  portion  con- 
Loop  or  batton.  tainingit  is  subsequently  cut  off,  and  the  outer  end  of  the  cascable  turned 

into  a  plane  button. 

Screwing  in  the      This  operation  of  screwing  in  the  cascable  requires  great  c^re,  for  the 
cascable.  front  of  it  must  bear  evenly  against  the  end  of  the  steel  barrel,  and  in 

order  that  this  may  be  the  case,  the  end  of  the  tube  is  smeared  with  red 
lead  and  the  cascable  screwed  in  tentatively,  then  unscrewed  again,  and 
filed  down  on  the  prominent  parts,  which  are  indicated  by  the  presence 
of  the  red  lead.  This  is  repeated  several  times,  until  the  equal  distribu- 
tion of  the  lead  on  the  front  shows  that  it  bears  evenly  against  the  steel 
barrel. 

Gai  escape.  At  this  stage,  one  round  of  thread  is  turned  off  the  end  of  the  cascable, 

so  that  there  may  be  an  annular  space  there,  which  in  connexion  with 
a  channel  cut  along  the  cascable  and  across  the  thread,  will  form  a 
gas  escape,  or  tell-tale  hole,  in  case  the  steel  barrel  should  split. 
The  channel  is  about  |th  inch  broad,  and  extends  -^th  inch 
below  the  thread.  In  all  guns  made  before  the  1st  September  1869, 
the  channel  comes  out  directly  under  the  loop  ;*  but  in  guns  made 
since  that  date,  it  will  be  found  at  the  right  side,  where  it  may  be  more 
easily  noticed.  The  channel  ought  to  be  kept  clear,  and  should  the 
ban*el  split,  gas  would  be  seen  issuing  from  the  hole ;  it  is  therefore 
advisable,  in  case  there  should  be  any  suspicion  concerning  the  gun,  to 
keep  an  eye  on  this  hole,  and  to  cease  firing  should  it  give  veaming. 

When  at  length  the  cascable  fits  properly,  it  is  finally  screwed  in,  and 
to  prevent  its  moving,  a  hole  2^  inches  long  and  f  inch  in  diameter  is 
drilled  and  tapped  through  the  jacket  or  breecn-piece  and  into  the 
cascable  in  a  slanting  direction  on  tlie  lefl  side,  and  a  plug  is  screwed  in 
to  prevent  any  chance  of  the  latter  turning  round. 

Engraving.  (2.)  While  the  cascable  is  being  prepared.  Her  Majesty's  monogram  is 

engraved  in  front  of  the  vent,  the  outline  being  marked  on  the  gun  by 
means  of  a  perforated  brass  plate,  rubbed  over  with  charcoal. 

Fine  and  finish      (3.)  The  gun  is  next  removed  to  the  boring  mill,  where  it  is  fine 
^>®^«-  bored  to  6" -9. 

Chambering.  (4,)  The  chamber  is  next  roughly  bored  out  with  the  same  boring 

head  as  before. 

?2ih^  ^°  ^  *^^  R.M.L.  guns,  40-pr.  and  upwards,  and  also  in  the  8-inch  and 

tubes.  6'3-inch  howitzers,  the  end  of  the  bore  has  a  conical  chamber  to  allow 

of  a  shoulder  (as  shown  below)  being  cut  on  the  outside  of  the  steel 

tube,  which  abutting  against  the  coiled  breech-piece  helps  to  distribute 

the  longitudinal  strain  over  the  latter. 

Why  necessary.      With  the  present  construction  this  shoulder  is  required,  because  the 

layer  of  iron  next  the  tube  is  a  coil,  it  would  be  necessary,  in  order 
to  retain  the  same  diameter  of  cascable,  to  make  the  interior  of  the 
whole  coil  much  smaller  than  is  now  required,  and  afterwards  to  bore 
out  a  large  portion  of  it  for  the  reception  of  the  steel  tube.  This  would 
cause  a  considerable  waste  of  labour  and  material,  consequently  in  these 
guns  the  cascable  screw  is  made  nearly  of  the  same  diameter  as  the 
exterior  of  the  tube,  leaving  only  a  small  shoulder  about  half  an  inch 
broad. 

*  As  explained  at  p.  247,  in  guns  having  forged  breech-pieces  the  gas  escape  is  not 
cnt  along  Uie  cascable  screw,  but  through  the  forged  breech-|nece,  and  then  at  ri|^t 
angle  underneath  the  same,  so  that  it  opens  out  below  instead  of  immediately  under 
the  cascable  or  at  the  right  ^ide  of  the  latter. 
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The  cutting  of  this  shoulder  weakens  the  steel  tube  at  that  part, 
shown  by  dotted  hne  "  a  d," 


In  guns  of  the  origiaiil  constiuction,  viz., 

7-inch,  of  6J  tons,  Mark  I, 


12  „  25  „ 
this  shoulder  was  not  oecesiiary,  as  they  had  forged  breech -pieces,  and 
the  difunet«r  of  the  caacable  screw  was  made  about  equal  to  the  calibre  of 
the  gun  (see  7-incb  gun,  Mark  I,,  Plate  VIII,),  thus  affording  a  strong 
ahonlder  in  the  breech-piece  against  which  the  end  of  the  A  tube  abut8, 
thereby  reducing  the  strain  on  the  thread  of  the  cascable  screw. 

In  the  25-pr.  and  Hmaller  natures  the  bottom  of  the  bore  is  merely 
rounded  off,  as  such  a  shoulder  is  not  require<l,  for  these  guns  have  no 
cucsble  screws,  the  A  tube  projecting  at  the  breech  end,  and  the  steel 
tube,  which  is  thicker  at  tlie  ciiase  than  brt'ech  end,  has  a  large 
ahonlder  abutting  against  a  recexR  cut  in  the  jacket  und  B  coil,  so  as 
to  take  the  longitudinal  thrust. 

(5.)  The  finished  boring  to  6" '997  is  then  performed. 

The  fine  boring  and  the  finished  boring  are  effected  with  the  boring 
head  used  in  the  second  rough  boring. 

(6.)  In  each  boring  the  cutters  wear  n  little  during  tlio  operation,  so  FiDub  boring. 
that  tite  bore  bec<»ne8  slightly  taper  towards  the  breech.  This  is  of  no 
emaeqnence  in  an  outer  tube,  as  the  exterior  of  the  inner  one  can 
tamed  accordingly,  but  the  bore  of  the  gun  must  be  truly  cylindrical, 
so  broaching  is  employed  ;  that  is,  boring  the  barrel  by  means  of  a 
cylindro-conoidol  bead,  fitted  with  four  long  cutters  at  right  angles  to 
one  another,  and  eliifhtly  tapering.  The  cutters  are  edged  on  the  front 
as  well  as  on  the  side,  as  the  chamber  is  also  finished  off  at  this  time, 
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CHAP.  vm.  and  for  this  latter  purpose  there  is  also  a  centre  cutter  for  the  end  of  the 
bore. 

Lapping.  (7«)  In  order  to  make  the  bore  absolutely  true,  lapping  must  be  finally 

resorted  to,  the  bore  being  at  the  same  time  brought  up  to  its  correct 
diameter  of  7  inches.  In  this  operation  no  cutter  is  used,  but  a 
wooden  head,  covered  with  lead  and  smeared  over  with  emery  powder 
and  oil,  is  worked  up  and  down  those  portions  of  the  bore  which  are 
indicated  by  the  gauges  as  imperfect. 

Bifliuir.  (^*)  "^^  Snn  is  now  taken  to  the  rifling  machine,  and  the  grooves 

cut  as  described  at  p.  122,  the  form  of  groove  depending,  of  course,  on  the 
nature  of  the  piece.  With  Woolwich  rifling  the  grooves  commence 
about  an  inch  lower  down  the  bore  than  the  rear  stud  of  projectile 
reaches  when  home,  and  they  are  so  arranged  that  the  two  grooves 
nearest  the  vent  are  at  equal  distances  from  the  latter. 

The  number  of  the  grooves  varies.  With  7-inch  guns  and  all  lower 
natures  only  three  grooves  are  used,  with  8-inch  four,  9-inch  az, 
10-inch  seven,  11-inch,  12-inch,  12*5-inch  nine,  and  with  the  experimental 
80-ton  gun  eleven. 

Their  depth  varies  fi-om  0"'l  in  the  smaller  pieces  to  0'''2  in  10-inch 
guns  and  upwards,  and  the  width  from  0"'6  in  the  7-pr.  to  V^'5  in  the 
heaviest  guns.     Exact  dimensions  are  given  in  Table,  p.  292. 

The  gi'ooves  are  the  same  width  for  all  natures  of  heavy  guns,  as 
above  mentioned ;  they  are  widcneil  at  the  muzzle  in  10-inch  guns 
and  upwards,  in  order  to  £Eicilitate  loading,  the  loading  side  being  cut 
away  to  a  breadth  of  2^'',  tapering  down  to  the  ordinary  width  at  2" 
from  the  muzzle.     This  change  was  introduced  in  October  187L 

Splay  of  According  to  order  dated  16/1/76,  in  all  R.M.L.  guns,  lO-inch  and 

grooves.  upwards,  of  future  manufacture,  and  in  guns  of  these  natures  which 

pass  through  the  Royal  Gun  Factories  for  repair,  the  splay  of  the 
loading  sides  of  the  grooves  will  be  increased,  so  as  to  remove  nearly 
the  whole  of  the  lands  at  the  muzzle,  in  order  to  fiMsilitate  the  entrance 
of  the  projectile  into  the  bore.  The  angle  of  splay  varies  slightly  for 
each  nature  of  the  gun  ;  that  for  the  12*5^'  gun  of  38  ton  is  shown  in 
the  diagram  below. 


Number  of 
grooves. 


Depth  of 
groove. 

Width  of 
grooves. 


Venting. 


As  a  rule,  about  two  calibres  in  length  is  left  plain  or  onrifled  few  a 
powder  chamber.  The  unrifled  part  should  be  as  long  as  possible,  f<MP 
grooving  tends  to  weaken  the  l»arrel,  and  the  seat  of  the  charge  slurald 
be  the  strongest  part  of  the  gun.  No  air  space,  however,  must  be  left 
between  the  smallest  charge  used  and  the  base  of  the  projectOe. 

(9.)  Previous  to  the  23rd  January   1868,    rifled   M.L.   guns  wer 
left  unvented  until  after  proof,  at  which  they  were  fired  by  means  of 
electric  wires  passed  in  at  the  muzzle.     Since  that  date,  au  guns  are 
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drilled  and  tapped  before  proof^*  and  fired  through  a  removeable  cone    CHAP.  VIII. 

vent,f  which  is  unscrewed  after  proof  and  replaced  by  the  permanent         

vent ;  the  object  of  this  is  to  prevent  the  proper  vent  being  strained  by 

the  large  proof  charge. 

I   The  cone  of  this  removable  vent  is  about  (y''025  smaller  than  the 

service  pattern,  but  after  proof  the  cone  in  the  gun  is  broached  out  to  the  Cone  vent. 

proper  size. 

The  gun  is  now  ready  for  examination  and  proof. 

Examination  and  Proof, 

All  guns  are  minutely  examined  before  proof,  and  gutta-percha  im-  Gutta-percha 
pressions  are  taken  of  the  whole  length  of  the  bore  in  four  quarters.    The  l™if  ^^if"" 
bore  of  all  guns  of  9-inch  calibre  and  upwards  is  also  accurately  gauged  proof  and  bore 
every  three  inches.  gauged. 

The  object  of  testing  a  gun  before  issue  is  to  make  quite  sure  that  object  of 
it  is  strong  enough  to  bear  not  only  the  strain  caused  by  firing  the  testing  u  gun. 
ordinary  charges,  but  also  any  unusual  strain  which  can  possibly  occur 
caused  with  service  projectiles  and  charges. 

For  this  purpose  the  smaller  natures  are  proved  by  firing  two  rounds  Pfoof. 
of  1 J  the  ^ghest  service  charge  and  the  service  projectile. J  Light  guns. 

With  guns  above  the  9-inch  however,  the  proof  consists  of  one  round,  Heavy  guns. 
with  battering  charge  and  two  rounds  of  proof  charges  which  difier  for 
each  gun,  but  are  always  less  than  1^  the  highest  service  charge.  This 
is  done  because  when  the  powder  charge  becomes  very  large,  a  com- 
paratively small  increase  of  powder  gives  a  considerable  increase  of 
pressure  upon  the  chamber  of  the  gun. 

The  proof  charges  of  guns  firing  Pebble  powder  or  cubical  powder,  Proof  charges. 
i^  9-inch  and  upwards,  consists  of  one  round  with  battering  charge  and 
two  with  proof  charges ;  all  with  service  weight  of  shot. 

The  following  are  the  proof  charges  for  9-inch  guns  and  upwards, viz. : — 

Proof.        Service. 


lbs.  Powder,  lbs.  Powder. 

38-ton  gun-        -         -         -     150  P2  J30P2 

35      „  -         -  -     115  P.  HOP. 

25       „         -  -  -       95  „  85  „ 

18      „       -  -  -75  „  70  „ 

12      „     -  -  -       58  „  50  „ 

Aft^r  proof  rifled  M.L.  guns  are  tested  by  having  water  force  pumped  Water  test. 
into  the  bore,  the  pi*essure  being  120  lbs.  on  the  squai*e  inch.     This  test  Object, 
was  instituted  for  guns  with  wrought  iron  barrels,  having  loose  ends  to 
ascertain  that  the  breech  was  perfectly  closed,  for  which  purpose  it  is  still 
used  with  the  converted  guns.     It  is  also  continued  in  guns  having  solid 
ended  steel  barrels,  to  make  sure  that  the  end  has  not  been  split  at  proof. 

Gutta-percha  impressions  of  the  bore  arc   taken  after  proof,  and  the  Impressions 
bores  of  heavy  M.L.  guns  are  again  gauged.     The  impressions  taken  after  after  proof 
proof  are  compared  with  those  taken  previously  to  ascertain  that  whether  f^™^^^  ^^ 
snj  defect  of  a  serious  character  has  been  developed,  and  whether  slight  before    ^ 
onet'  have  perceptibly  increased.     If  such  should  appear  to  be  the  case, 
the  gun  is  subjected  to  five  more  rounds  with  service  charges,  and  if  after  Further  test  if 
that  the  defect  appears  unimportant  the  gun  is  passed.  necessary. 


*  As  to  position  of  vent  and  nature  of  bush,  vide  pp.  54,  55. 
f  Except  the  T-prs.,  which  are  proved  with  their  service  vent. 
Z  64-pr.  Mark  III.  (with  steel  tubes)  will  be  proved  with  ISlbs.  powder  and  a 
9oTbt.  projectfle,  to  cover  a  charge  of  121b8.  which  may  be  exceptionidly  used. 
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CHAP.  VIII. 


Impresrions 
of  defects. 


The  impressions  of  any  such  defects,  however,  are  cut  off,  and  the  position 
in  the  gun  marked  on  the  back,  after  which  Ihej  are  registered  and 
preserved  for  future  reference. 

In  addition  to  comparing  the  impressions,  the  expansion  of  the  bore  at 
the  seat  of  the  charge  is  ascertained  bj  comparing  the  gaugings  before 
and  after  proof.  This  expansion  seldom  exceeds  a  few  thousandths  of 
an  inch,  but  it  may  be  greater  in  guns  having  coiled  barrels. 

Should  the  gun  pass  proof  it  is  now  to  be  prepared  for  actual  issue  by 
fitting  with  vent,  sights,  &c. 

It  has  therefore  to  undergo  the  processes  undermentioned. 


ProcesseB  after 
proo€ 


Si 


Lapping. 


Processes  after  Proof  and  before  Issue, 

(I.)  Lapping. 

2.)  Obtaining  preponderance  and  weight. 
3.)  Lining. 
(4.)  Sighting. 
5.)  Venting. 

6.)  Marking,  and  the  ^'  marks  "  denoting  pattern. 
(7.)  Fixing  on  elevating  plates  and  small  fittings,  sloping  si<les  of 

and  completing  cascable. 
(8.)  Painting  and  lacquering,  and  final  inspection. 
All  the  above  processes,  except  the  last,  are  pecforme&  in  the  same 
workshop  (the  sighting  room),  and  generally,  but  not  necessarily,  in  the 
exact  order  given. 

(1.)  Every  gun  is  lapped  after  proof,  for  the  purpose  of  removing  any 
little  burs  which  may  be  thrown  up  on  the  edges  of  the  grooves  by  the 
heavy  proof  rounds. 

Frepondenmoe.      (2.)  "  Preponderance,"  means  the  pressure  which  the  breech  portion, 

when  the  gun  is  horizontal,  exerts  on  the  elevating  arrangement. 

To  ascertain  it«  amount,  the  gun  is  supported  at  the  trunnions  by 
steel  bars  placed  beneath  them,  and  is  brought  horizontal  by  means 
of  long  handspikes  in  the  bore.  A  Elitchener's  weighing  machine  (like 
that  ordinarily  used  at  railways  for  weighing  luggage)  is  then  placed 
under  the  breech,  and  a  block  of  wood  fixed  upon  it,  touching  the  gun 
underneath  midway  between  the  elevating  points.  The  handspues 
being  then  removed  from  the  bore,  the  pressure  on  the  block  is  indicated 
on  the  arm  of  the  machine,  and  gives  the  preponderance  of  the  gun. 

In  1867  it  was  settled  that  the  preponderance  of  7-inch  guns  should 
be  3  cwts.,  of  8-inch  4  cwts.,  and  of  9-inch  5  cwts.  With  smaller 
nature  it  differs,  the  amount  for  each  piece  is  given  in  Table,  p.  202. 

With  9-inch  guns  and  upwards,  anything  under  3  cwts.  preponder- 
ance is  to  be  considered  nil  as  ordered  in  1869. 

The  actual  weight  of  each  gun  is  taken  by  means  of  a  strong  steelyard 
to  the  short  arm  of  which  the  gun  is  slung  by  the  trunnions.  But  with 
very  heavy  guns  the  finished  portions,  t>.,  the  jacket,  &c.  are  weighed 
before  they  are  shrunk  together,  and  the  weight  so  obtained  with 
sufficient  approximation. 

(3.)  The  object  of  lining  is  to  enable  the  sights  and  elevating  plates 
to  be  adjusted.  The  line  of  metal  is  the  first  line  required,  and  is 
obtained  ns  in  cast  iron  guns,  by  finding  the  axis  of  the  gun  and  a  line 
in  the  same  vertical  plane  along  the  top  of  the  gun,  but  the  process  is 
much  more  accurate.  The  ^un  is  placed  on  a  horizontal  iron  table, 
and  being  levelled  across  the  trunnions  and  along  the  bore,  is  carefully 
scotched  up. 

Instead  of  using  a  woodeu  batten  to  find  the  axis,  a  centring  block, 
capable  of  being  pressed  out  so  as  to  fit  tightly  in  the  bore,  is  poshed  home 


Actual  weight 


Lining  and 
sighting. 

Line  of  metal. 
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to  the  breech  end.    From  the  very  centre  of  this  block,  a  Bilk  thread   CHAP.  VIII. 

is  extended  through  a  plate  on  the  muzzle  to  an  iron  upright  (plumbed)         

stand,  some  feet  in  front  of  the  gun,  which  is  furuished  with  a  plumb 
line,  80  that  it  can  be  adjusted  to  be  truly  vertical  The  stand  is  moved 
to  the  right  or  left  until  the  thread  passes  through  the  centre  point  on  the 
muzzle  plate. 

A  "  breech  gauge,"  provided  with  a  vertical  slide,  having  been  fixed 
horizontally  on  the  cascable,  another  silk  thread  is  stretched  from  the 
stand  to  the  breech  slide  so  as  to  pass  through  a  point  in  the  muzzle 
plate  in  the  same  vertical  plane  as  the  lower  thread,  and  just  high 
enough  to  clear  the  breech  of  the  gun.  This  gives  the  position  of  the 
line  of  metal,  which  is  marked  for  about  1^  inch  in  length  at  the  extreme 
end  of  the  cylindrical  part  of  the  breech. 

Vertical  and   horizontal  lines  are  marked  on  the  face  of  the  muzzle  Vertical  and 
along  slots  in  the  plate,  and  short  horizontal  lines  are  also  marked  on  horizontal  line, 
the  right  side  of  the  muzzle,  and  on  both  sides  of  the  breech,  by  means 
of  a   scribing  block,  the  moveable  arm  of  which  is  adjusted  to  the 
horizontal  slot,  the  block  resting  on  the  table.     These  lines  are  useful 
for  the  purpose  of  adjusting  the  sights,  elevating  plates,  &c. 

On  the  right  trunnion  vertical  and  horizontal  lines  are  also  cut,  except 
in  25-prs.  and  smaller  natures.  The  vertical  line  on  the  right  trunnion 
enables  the  gun  to  be  laid  point  blank  (or  brought  horizontal)  at  any 
time  without  the  aid  of  sights,  while  the  horizontal  line  on  the  right 
trunnion  is  for  use  when  firing  at  angles  of  depression. 

(4.)  The  gun  is  placed  under  a  radial  drilling  machine.     The  breech  Drilling  for 
gauge  and  muzzle  plate  (the  same  as  used  for  lining)  are  then  attached,  "gbts. 
and  the  gun  is  levelled  to  the  angle  at  which  the  tangent  sights  are  to 
be  inclined  to  the  left,  as  the  machine  drills  vertically.     This  brings  the 
right  sight  higher  than  the  left,  and  the  right  tangent  sight  socket  Tangent  sights, 
nearer  the  vertical  axis  than  the  left.     Two  silk  threads  are  stretched  at 
one  side  of  the  gun  from  the  breech  gauge  to  the  muzzle  plate,  and  at 
the  width  of  the  socket  apart.     The  given  distance  of  the  tangent  sight 
socket  from  tlie  line  of  metal  being  ascertained  (by  a  gauge),  the  arm  of 
the  machine  is  brought  over  the  spot  and  the  hole  drilled  completely 
through  the  breech  so  as  to  allow  of  the  water  and  turnings  in  the  after 
processes  to  escape.*     The  drills,  &c.  work  between  the  threads  which 
answer  as  a  check. 

In  subsequent  borings  the  drills  are  not   earned    through.      This 
operation  is  repeated  on  the  other  side. 

The  comers  of  the  sight  recesses  are  rounded  off  ^th  inch,  to  prevent 
any  injury  to  the  thin  edge  when  moving  the  gun. 

The  hole  for  the  centre  hind  sight  is  drilled  in  the  same  way  and  at  Centre  hind 
the  same  angle,  but  only  of  sufficient  depth  to  admit  of  the  sight.  sights. 

For  the  trunnion  sights  the  holes  are  drilled  in  a  similar  manner,  but  Socket  holes  fbr 
as  they  are  not  to  be  inclined  at  an  angle  the  gun  must  be  previously  trunnion  sights, 
relevelled  with  the  trunnions  horizontal ;  the  distance  from  the  centre 
of  the  tangent  sight  holes  to  the  centre  of  the  trunnion  sight  holes  is 
accurately  measured  (by  a  gauge)  according  to  the  radius  at  which  the 
gun  is  to  be  sighted.    ^ 

The  bearing  for  the  tangent  sights  in  the  metal  of  the  gun  being  long  Fitting  sockets* 
and  liable  to  rust,  gun  metal  sockets  are  fitted  in  by  haml  and  afterwards 
fixed  by  side  screws.     There  is  also  a  gun  metal  socket  and  clamping 
screw  for  the  centre  hind  sight. 


*  With  S5-ton  gons  and  upwards,  the  vertical  hole  for  the  sight  w  drilled  only  to  a 
depth  of  about  an  inch  greater  than  the  length  of  the  tangent  bar.  From  the  bottom 
of  tills  hole  a  channel  is  bored  |o  the  interior,  having  a  slight  slope  downwards. 
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CHAP.  Vin.      For  the  drop  trunnion  sights,  vide  p.  195,  gnn  metal  sockets  are  fixed 

— —         in  the  bottom  of  the  hole.     These  sockets  are  carefiilly  adjusted  by 

Truxmion  means  of  gauges,  &e.  until  a  pattern  drop  sight  fits  into  them  accurately 

Ad     to^^      ^^®  adjustment  corrects  any  slight  error  due  to  boring  or  otherwise, 

of  the  socket  hole,  and  as  the  sockets  are  fixtures  in  the  gun,  it  is  ensured 

that  any  drop  sight  will  answer  with  them  when  they  have  been  so 

adjusted. 

In  the  howitzers,  16-pr.  and  smaller  guns,  the  holes  for  the  screw 

trunnion  sights  or  fore  sight  are  bored  and  threaded. 
Ventiiig.  (5.)  The  drilling  and  tapping  of  the  hole  for  vent  bush  has  already 

been  completed,  as  described  p.  184,  for  the  temporary  vent  used  at 

proof.     All  that  remains  is  to  rime  out  the  cone  to  the  proper  size,  and  to 

vent  the  gun  with  the  service  bush. 
8-inoh  and  Guns  below  the  9-inch  are  vented  in  a  similar  manner  to  SJB.  ord- 

under.  nance  as  far  as  the  operation  of  venting  is  concerned,  vide  p.  67,  but 

with  the  9-inch  and  upwards  the  bush  is  screwed  in  after  the  cone  has 
®"*°^^*'^^  been  cut  to  about  the  proper  length  in  a  lathe.  An  impression  is  then 
^^^     *•  taken  in  the  bore  and  the  amount  of  projection  mai*ked  on  the  part  of 

the  bush  in  the  bore.     The  bash  is  screwed  out,  the  bottom  of  cone 

turned  off  as  far  as  necessary  and  the  operation  repeated.    When  finished 

the  bush  projects  in  the  bore  about  0"'075.* 
Marking.  (6.)  In  addition  to  the  marks  made  in  lining  and  the  Royal  cypher 

before  mentioned,  the  bix>ad-arrow  and  actual  weight  are  stamped  in 

front  of  the  vent,  and  the  angle  of  set  of  tangent  scale  is  also  stamped  on 

the  gun.f 
Set  of  With  9-inch  guns  and  upwards  the  letter  D  is  also  stamped  in  firont 

tangent  sights,    of  the  socket  when  the  latter  has  been  deepened  for  the  lengthened 

centre  hind  sight  (vide  p.  194). 

Two  parallel  lines  are  cut  across  the  vent  field  to  indicate  the  anrified 

space.    That  in  front  of  the  vent  denotes  the  end  of  the  rifling,  and  that 

in  the  rear  of  the  vent  the  end  of  bore.     These  lines  enable  us  to  mark 

the  sponge  or  rammer  staves  for  the  exact  distance  from  the  muzzle  to 

the  end  of  bore  or  rifling. 
Centre  of  Lines  are  also  cut  on  the  top  of  the  gun  to  denote  the  position  of  the 

gn.yity.  centre  of  gravity  and  the  point  at  which  the  sling  must  be  placed  in 

Half  weight       order  to  take  half  the  weight,  the  gun  being  at  the  same  time  slung  at 
^®'  the  cascable.J 

*  At  present  the  reventing  of  these  gnns  is  performed  as  described  at  p.  313,  with 
the  tools  issued  for  the  purpose,  the  part  projecting  into  the  bore  being  cat  off  by  a 
knife  as  with  S.B. 

f  All  guns  made,  or  which  have  passed  through  the  department  after  24/6/75,  will 
be  found  with  this  angle  marked,  but  others  arc  without  it. 

t  See  §  1936,  List  of  Changes,  Ist  September  1870. 

Only  8-inch  guns  and  upwards  are  marked  with  the  lines  indicating  centre  of  grayity 
and  half  weight ;  and' as  some  of  the  following  natures  have  been  issned  without  these 
lines  the  respectiye  distances  are  given  : — 

Distance  of  Centre   Distance  of  Half 
Nature  of  Gun.  of  Gravity  from        Weiriit  ftrom 


Muzzle.  Miissle. 


8"  M.L.  guns,    9  tons,  Mark  I. 
„  „        Mark  11. 

Mark  in. 
9"  M.L.  guns,  12  tons,  Mark  I. 
„  „        Mark  11. 

„  „        Mark  ILL 

„  „        Mark  IV. 

„        Mark  V. 
10'^  M.L.  guns,  18  tons,  Mark  I. 

„        Mark  II. 


86  •4,5 

• 

- 

36-4 

87-85 

- 

- 

39-9 

87-75 

A 

• 

39-0 

90-55 

. 

• 

34-1 

90^5 

. 

— 

34-0 

90-9 

- 

- 

34-8 

90*55 

- 

> 

34-1 

90-585 

- 

- 

34-17 

109-75 

- 

- 

49*5 

109-55 

- 

- 

48-35 
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The  material  of  the  inner  barrel  (for  example  ferth's  steel)  is    CHAP.  VIU. 
stamped  on  the  fece  of  the  muzzle,  as  is  also  the  number  of  the  barrel  '"^ 

as  entered  in  the  registry  of  manufacture. 

On  the  left  trunnion  are* — the  initials  R.G.F., 
or  otherwise  of  the  factory  where  the  piece  was 
made,  the  register  number  of  the  gun,  the  numeral 
signifying  its  pattern,  and  the  year  of  proof. 
The  register  number  is  that  by  which  the  gun  is 
registered  in  the  department  records  ;  it  indicates 
also  the  number  of  that  nature  manufactured. 

64-pr8.  to  fire  101b.  charges,  as  well  as  7-inch  ,,  ^ 

and  upwards  (except  the  L.S.  7-inch  of  7  tons),  "^^^  "®®^  *^^^- 

hare  a  heel  scale  on  the  cascable  for  use  with  the  Wood  scale  for  S.S., 
as  described  at  p.  201.  This  scale  is  marked  by  means  of  a  template, 
and  then  cut  by  hand. 

(7.)  Screw  holes  have  to  be  bored  for  the  screws  which  secure  the  Screw  holes 
different  fittings  to  the  ghn,  index  plates,  guide  plates,  &c.,  according  to  for  fittings. 
the  nature  of  the  piece. 

The  positions  for  such  are  carefully  obtained,  by  means  of  accurate 
gauges,  from  the  lines  already  marked  on  the  gun. 

The  position  of  the  gun  metal  plates  for  the  elevating  racks  being  Gnn  metal 
measured,  and  the  holes  drilled  and  tapped  by  hand,  the  plates  are  plates  for  ele- 
firmly  attached  to  the  gun  by  means  of  a  screw  at  each  corner.     They  vating  racks. 
are  also  marked  with  the  number  of  gun  to  which  they  have  been 
adjusted. 

Until  November  1871  many  guns,  7-inch  to  9-inch,  were  furnished 
with  two  studs  screwed  into  the  face  of  the  muzzle,  for  suppjorting  the 
shot  bearer  during  the  process  of  loading.  At  the  above  date,  however, 
they  were  abolished,  &s  they  were  found  to  be  unnecessary  and  even 
sometimes  in  the  way  in  loading ;  such  guns  are  provided  with  preserving 
screws  for  these  holes. 

All  heavy  L.S.  guns  are  drilled  and  tapped  for  the  guide  plate  and  s.S.  fittings. 
firiction-tube  pin,  the  holes  being  filled  by  preserving  screws  :  thus  these 
guns  can  be  made  available  for  sea  service  should  occasion  require. 

The  preserving  screws  in  the  friction  tube  pin  holes  also  answer 
the  purpose  of  indicating  the  position  of  the  vent  by  the  touch,  during 
night  firing. 

To  bring  the  cascable  to  the  approved  shape,  its  sides  are  sloped  Shaping  the 
towards  the  rear,  except  when  it  ends  with  a  button.  cascable. 

To  prevent  the  handspikes  slipping  when  working  the  gun,  the  breech 
was  formerly  scored  underneath  at  each  side.  This  is  no  longer 
required,  as  heavy  guns  are  now  elevated  by  means  of  elevating  racks. 

9-inch  guns  and  upwards  must  also  be  prepared  for  index  plates  and 
muzzle  derricks. 

38-ton  L.S.  guns  are  also  prepared  for  the  trunnion  studs,  described  Preparing  for 
at  p.  211.  derricks. 

(8.)  The  exterior  of  the  gun  being  well  cleaned,  receives  one  coat  Painting  and 
of  Pulford's  magnetic  paint,  and  the  bore  is  lacquered.      This   only  la<5<l»i«^og« 
applies  to  25-pr.  guns  and  upwards ;  16-pr.  and  smaller  natures  are 
browned  (vide  p.  373)  and  the  bore  left  unlacquered. 

The  gun  having  been  inspected,  and  found  in  exact  accordance  with 
the  sealed  pattern,  is  now  ready  to  be  issued  for  service ;  and  when  it 
has  been  provided  with  the  fittings  described  in  the  next  Chapter  it 
is  issued  by  the  R.G.F.  to  the  Commissary  General  of  Ordnance, 
Woolwich,  with  sights,  &c.,  complete. 

*  Elxcept  with  T-prs.,  where  these  are  found  on  the  right  trunnion. 
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CHAPTER  IX. 


CHAP.K.      SIGHTS,  FITTINGS,  AND  STORES  OF  R.M.L. 
—  ORDNANCE. 


BIclits. — Six  used  with  64-pr.  and  upwards. — Four  with  smaller  natures,  except 
9-pr8.  and  7-pr8.,  which  have  only  two. — Bpeoial  BIclits. — Other  means  used  for 
obtaining  elevation  and  direction. — Tangent  Blfflits. — Various  natures. — Differ- 
ence between  L.S.  and  S.S. — Centre  hind  sights. — New  pattern  for  9-inch  guns 
and  upwards. — Trunnion  sights  and  centre  fore  sights. — Drop  pattern. — Screw. — 
Turret  sights. — Moncrieff  sights  of  two  descriptions. — Chase  sights,  when  used. — 
Telescopic  sights. — Wood  scales. — Index  plates  and  readers. — Clinometer. — Quad- 
rant.— Experimental  hanging  scales. 

Fittlnfs  and  Bmall  BtoHM. — Bearers  for  shot— Brackets. — Clamps. — Derricks. 
Ouide  plates. — Pivot  pieces  and  elevating  plates. — Prickers. — Trunnion  studs. — 
Wrenches. — Table  showing  different  marks  or  patterns  of  tangent  and  fore  sights 
for — Heavy  guns,  Medium,  Siege,  Field,  and  Boat  or  Mountain'  guns. — Table  of 
wood  scales. — Table  of  fittings  and  small  stores. 


Sights.* 

Sights.  64-pr.  guns  and  upwards  liavc  six  sights,  i.e.,  two  tangent  sights  or 

64-pr.  upwards,  side  sights,  one  centre  hind  sight,  and  three  fore  or  trunnion  sights. 

The  trunnion  sight  used  in  conjunction  with  the  centre  hind  sight  is 

usually  termed  the  "  centre  fore  sight." 

40-pr.  under.  The  40-pr.,  25-pr.,  and   16-pr.  have  two  side  or  tangent  sights  and 

two  trunnion  sights ;  while  the  9-pr6.  and  7-prs.  are  central  sighted 
only,  having  one  hind  sight  and  a  small  screw  fore  sight  on  the  muzzle. 

Fore  sights.  All  the  fore  sights  are  of  the  drop  pattern  (p.  195),  except  in  the  case 

of  the   16,  9,  and  7  prs.,  with  which  screw  fore  sights  of  different 
patterns  ai'e  used. 

Exceptional  With  the  rifled  8-inch  and  6*  3-inch  howitzer  exceptional  sights  are 

'^^*»-  employed. 

Special  Sights, 

Special  sights.        Besides  the  ordinal^  sights  named  above,  we  shall  find  that  with 

certain  guns  special  sights  are  used  at  times.f     These  are  : — 


♦  By  order  dated  W.O.  21/12/76,  any  sight  passing  through  the  Department  and 
altered  but  not  brought  up  to  the  latest  sealed  pattern,  are  to  have  the  numeral  of  the 
mark  to  which  they  are  assimilated  stamped  after  the  numeral  of  their  origiiial 
mark,  thus,  I.  (IV.). 

f  Besides  the  special  sights  mentioned,  it  is  not  unlikely  that  telescopic  sights  mpj 
be  furnished  before  long,  for  certain  purposes. 
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(1.)  Turret  sights.  CHAP.  IX. 

(2.)  Moncrieff  „  

(3.)  Chase        „ 

(4.)  Telescopic  (experimental)  sights. 

In  addition  to  sights  which  <;an  be  used  both  for  laying  and  giving 
elevation  to  a  gun,  the  follovnng  arrangements  are  sometimes  employed 
for  giving  elevation  only,  viz.  : — 

(5.)  Wood  scales. 

(6.)  Index  plates  and  readers. 

(7.)  Clinometers  or  quadrants. 

Again,  guns  are  sometimes  laid  as  to  line  of  fire  alone  by  the 
following  ♦: — 

(8.)  Hanging  scales  for  howitzers  and  siege  guns. 
(9.)  Graduated  arcs  on  racers  used  in  conjunction 
with  the  index  plates. 

Hind  Sights, 

All  hind  sights,  whether  side  or  centre,  must  be  inclined  at  a  certain  ^**d  sights, 
angle,  as  explained  in  Chapter  II.,  or  els^  have  some  other  arrangement 
by  which  to  make  up  for  permanent  deflection,  as  in  the  8-inch  howitzer, 
where  a  long  deflection  leaf  is  employed ;  but  the  fore  sights  are  always 
put  in  vertically. 

We  have  already  seen  (p.  187)  how  guns  are  prepared  for  these 
sights,  and  how  the  sockets,  &c.  are  fitted ;  we  can  now,  therefore,  go  on 
to  the  description  of  the  sights  themselves  and  to  the  details  of  the 
different  patterns  in  the  service. 

Ordinary  Service  Sights. 

(a.)   Tangent  Sights. 

The  tangent  or  side  sights  for  heavy  guns  consist  of  a  rectangular  steel  Tangent, 
bar  rounded  off  on  two  sides  and  having  a  gun  metal  head,  in  which  "^'^^' 
slides  a  gun  metal  leaf. 

Excepting  L.S.  sights  made  before  1871,  which  have  a  slow  motion  Slow  motion 
screw  for  giving  minutes  of  elevation,  as  with  smaller  pieces,!  these  screw. 
Bights  have  a  plain  head. 

For  S.S.  sights  the  slow  motion  screw  has  never  been  employed. 

The  notch  in  the  defle<^tion  leaf  through  which  the  sight  is  taken  is  Depth  of 
DOW  0"'15  deep;  it  was  formerly  0"* 06, the  depth  of  notch  still  used  for  notch. 
eiege  and  field  guns. 

The  diagram  below  represents  the  description  of  tangent  sight  now 
employed  with  heavy  guns  and  also  64-pr.  guns,  except  64-pr.  siege 
guns,  which  have  L.S.  slow  motion  screw,  &c. 

The  graduations  of  the  several  faces  differ  in  the  several  guns  and  Gndnationt. 
also  in  the  different  marks  or  patterns,  as  shown  in  pp.  216-218,  and 
explained  in  notes  to  the  same. 


*  Tbe  Collimator  described  in  Manual  of  Artillery  Exercises,  p.  90,  is  practically 
obsolete. 

f  With  the  38-ton  gtm  sights,  however,  both  the  shallow  notch  and  slow  motion 
•crew  are  reintroduced. 
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SuDiKO-LBAP  Takoekt  Sioht  (lO-iiich  B3CX.  gon).    Scale  ^ 
Face  next  breecfa.  Side  ele?ation.        Face  next  muxxle.  Side  elcTation. 
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9-pr.  guns. 


For  64-pr.  guns  with  steel  tubes,  and  smaller  guns  down  to  the  9-pr. 
(t.f .,  all  siege  and  field  guns  having  side  sights),  the  tangent  sights 
consist  of  a  similar  steel  bar  with  gun  metal  head  and  sliding  leaf ;  but 
in  these  a  slow  motion  screw  is  always  used,  and  the  notch  in  the  leaf  is 
only  0"'6  deep  as  already  mentioned. 

The  hind  sights  of  9'pr.  guns  consist  of  a  bar  of  steel,  which  for  L.S. 
has  a  cross-head  of  steel  and  a  sliding  gun  metal  leaf,  and  for  S.S.  is  quite 
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plain,  without  any  cross  head  or  leaf  for  deflection.    As  these  sights  are     CHAP.  IX. 

graduated  for  the  long  radius — ^from  breech  to  muzzle — they  have  no  

slow  motion  screw  for  giving  minutes  of  elevation,  the  sights  themselves 
being  graduated  for  every  3  minutes. 

The  hind  sights  for  the  7-pr.  are  similar  to  those  of  the  9-pr.  S.S.         ^"P'-  8^"- 

In  both  9-pr.  and  7-pr.  two  tangent  sights  are  provided,  one  long  and  ^^  w^d  short 
one  short.    The  long  sights  are  tempered  steel,  and  have  to  be  employed  ^^^* 
instead  of  the  short  sights  for  certain  elevations.     If  always  in  the  gun, 
they  would,  from  their  length,  be  very  liable  to  damage. 

The  short  sight  is  made  of  a  length  about  e(|ual  to  the  thickness  of 
the  gon  at  the  breech. 

The  different  marks  or  patterns  of  the  tangent  sights  for  siege  and 
Md  guns  are  given  at  pp.  223-25. 

The  8-inch  howitzer  has  one  tangent  sight  placed  vertically  in  the  8*ineh  howitier 
piece,  and  provided  with  a  long  steel  cross-head  and  deflection  leaf.     It  ^^^^ 

8-iNOH  B.M.L.  HowiTZKR  46  cwt.    ^  Size. 
Sight,  Tangent.  Sight,  Muzzle. 


rs. 


:Cr: 


t  .: 


9!i 


Sight,  Fore. 


o^ 


.0 


is  used  for  short  ranges  in  conjunction  with  a  short  screw  sight  on  the 
trunnion  ring,  and  for  elevation  over  3°  with  a  sight  secured  by  screws 
near  the  muzzle,  as  shown  above. 

40152.  79 
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When  under  cover  so  thai  the  mark  to  he  hit  cannot  he  seen,  the 
howitzer  would  he  hud  as  to  eleyation  by  the  quadrant  or  clinometer 
(vide  p.  204),  and  as  to  direction  by  the  hanging  so^es  described  at  p.  205. 


Centre  hind 
■i^ts. 

9-inch  gone 
and  opwanU, 
lengthened 
centre  hind 


Centre  Hind  Sights* 

A  centre  hind  sight  consists  of  a  hexagonal  bar  of  gun  metal^f 
which  has  a  plain  head  in  all  the  older  patterns,  and  also  in  the  most 
recent  for  8-inch  guns  and  downwards ;  but  9-inch  guns  and  upwards 
will  for  the  future  be  provided  with  lengthened  centre  hind  sights,  as 
below.  These  lengthened  sights  are  not  only  longer  but  have  also  a 
gun  metal  head,  with  a  sliding  leaf  for  giving  deflection* 


v'^-^^ 


j& 


JL 


i\ 


Deepening 
boleff,  Umg 
eentrebiod 
iigbt. 


This  alteration  (introduced  in  1874)  was  adopted  for  those  heavier 
pieces  of  ordnance,  9-inch  and  above^  which  at  2,000  yards  and  over 
would  be  formidable  against  iron  clads. 

These  new  sights  will  not  be  supplied  immediately  to  all  guns,  but 
the  latter  will  be  prepared  for  them  by  deepening  the  hole  for  hind  sight. 
Vide  p.  373,  Appendix,  for  this  operation,  for  list  of  tools  used,  and 
for  instructions  for  deepening  the  sockets  at  out  stations. 


*  Although  the  tangent  sights  employed  with  9-pr.  and  7-pr.  guns  are  central,  yet 
this  term  above  is  not  applied  to  them,  but  only  to  the  centre  Mnd  sight  need  with 
the  64-pr.  guns  and  upwards,  which  have  three  hind  sights. 

t  With  12''  of  85  tons  and  12''*  5  of  38  tons  the  centre  hind  tight  is  precisely  the 
same  as  the  side  tangent  sight 

X  When  these  guns  arc  mounted  behind  iron  shields  it  is  not  always  possible  to  nse 
side  sights. 
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Trunnion  Sights  and  CejUre  Fore  Sight. 

With  64-pr.  guns  and  upwards  three  fore  sights  are  secnred  Id  the  Tramuoii 
tmnnion  ring.     They  are  all  of  the  same  description,  but  the  two  used  sighti. 
with  the  aide  tangent  sights  are  usually  termed  "  trunnion  sights,"  and 
that  employed  in  conjunction  with  ^e  centre  hind  eight  is  called  a 
"  centre  fore  sight-"  " 

The  40-pr.  and  25-pr.  also  have  two  tmnnion  sights  of  the  same 
description. 

Thb  fore  sight  is  termed  a  "  drop  sight,"  as  it  can  readily  be  dropped  Brop  aif^t. 
into  the  socket  and  as  easily  remoyed.    Similar  sights  are  used  with  the 
B.BX.  guns  20-pr.  and  upwards  (vide  p.  140).     The  sight  ransists  of  a  Component 
pillar  and  collar  of  gun  metal,  a  small  steel  leaf,  aud  a  screw  for  fixing  P*"^- 
the  leaf. 
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Toicwnnea 
dropBgkt. 


There  is  a  socket  of  gun  metal,  into  whicii  the  sight  is  secured  bj 
memos  of  a  dodUe  hsjoiiet  joint.  This  socket  is  permanently  fixed  in 
the  gon,  as  explained  at  p.  1S8«  and  aiipisted  bj  means  of  a  gaoge  sight. 

To  ronoTe  the  aght  the  coQar  most  be  raifled,  and  then  the  pillar 
moved  roond  a  qoarter  of  a  cirde. 

A5  the  plane  sor&ces  of  the  socket  and  sight  can  be  very  accaratel  j 
fitted,  these  s^hts  are  made  interchangeaUe  with  the  sight  leaves 
alreadj  prepared.  This  b  not  the  case,  as  we  shall  see,  with  screw 
fore  s^ts. 


Whjiptte 


Seme  Far  Sights, 

These  are  always  of  steel,  and  conast  of  a  pillar  of  steel  threaded 
towards  the  lower  end,  and  famished  with  a  steel  sight-leaf  secured  to 
the  top  of  the  [nllar  bj  means  of  a  small  screw. 


IS-pr. 


9-pr.  L.S. 


9.pr. 
7-pr- 


As  it  is  difficult  to  end  a  screw  thread  very  accurately,  Uiese  sights 
^umion  must  be  carefuUy  adjusted  in  each  case,  and  spue  sights  are  issued 
with  rough  leaves. 

The  16-pr.  has  two  trunnion  sights  of  this  sort ;  the  8-inch  howitz^ 
one  on  the  trunnion  ring  and  one  on  the  muzxle ;  the  9-pr.  and  7-pr.  odo 
on  the  muzzle. 

For  the  9-pr.  L.S.  this  sight  is  very  anall,  and  is  screwed  into  a  recess 
cut  in  a  projection  on  the  muzzle.* 

In  the  S.S.  9-pr.  of  8  cwts.  and  the  7-pr.  (Mark  IV.),  vide  p.  256, 
the  sight  is  not  protected  in  this  way,  but  b  longer,  screwing  into  a 
small  patch  on  the  muzzle. 

Wiiti  the  9-pr.  6  cwt.  S.S.,  however,  the  sight  is  slightly  different, 
and  b  secured  to  the  muzzle  of  the  gun  by  three  screws  (vide  p.  193),  as 
b  the  muzzle  sight  of  8-inch  howitzers. 

For  adjustment  of  the  rough  leaves  of  screw  sights,  vide  p.  310. 


S& 


Special  Sights  or  Means  of  adjusting  the  Elbtation. 

1.  Turret  Siffkis.^ 

Guns  in  moveable  turrets  are  mounted  upon  carriages  moving  on  fixed 
slides,  so  that  direction  must  be  given  to  them  by  traversing  the  turret 
itself,  which  is  furnished  with  means  of  obtaining  the  correct  line  of 
sight. 

Each  turret  has  a  number  of  ''  man-holes,"  centre,  intermediate,  and 
slide  or  '^  wing,"  through  any  one  of  which  the  captain  of  the  turret  can 
raise  hb  head  to  look  along  the  sights  and  lay  the  turret. 

For  each  man-hole  a  fore  sight  and  hind  sight  X  ftre  so  adjusted  that  a 


*  So  as  to  protect  the  sif  ht  from  damage  when  the  giin  is  being  mounted. 

t  For  details  of  these  sights,  vide  Table,  p.  Sd4. 

X  The  hind  sight  is  a  rectangular  har  of  steel  with  a  gun  metal  head  and  sliding 
leaf.  On  one  side  is  a  ratchet  in  which  gears  a  small  pinion  worked  by  a  hand  wheel. 
The  fore  sight  is  of  the  ordinary  drop  pattern. 
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vertical  plaoe  through  any  pair  of  sights  wiU  be  parallel  to  a  vertical    CHAP.  IX. 

plane  passing  through  the  axis  of  the  gun  and  slide.     When  the  hind  

sight  is  at  zero  and  the  ship  on  an  even  keel,  the  plane  passing  the  notch  A  set  of  sights 
of  the  hind  sight  and  the  top  of  the  fore  sight  is  a  horizontal  plane.  The  ^^\^^  °^" 
sights  are'also  of  suf&cient  height  to  allow  of  the  line  of  sight  clearing    ^  ®' 
the  edge  of  the  turret  when  the  hind  sight  is  at  its  maximum  height.     A 
second  set  of  sights  is  provided  for  considerable  angles  of  heel. 

To  obviate  the  necessity  of  the  captain  of  the  turret  exposing  himself 
to  the  enemy's  fire  while  laying  the  turret,  a  reflecting  arrangement  has 
been  fitted  to  the  wing  man-holes  of  some  turret  ships,  so  that  he  can 
direct  the  traversing  and  obtain  the  proi)er  line  of  sight  while  under 
cover.  This  arrangement  consists  of  two  mirrors,  one  fixed  inside  the 
turret,  the  other  while  in  use  is  secured  upon  the  outside,  and  in  rear  of 
the  man-hole.  This  latter  miiTor  works  on  a  hinge,  and  is  readily 
adjusted  to  any  required  angle  by  a  lever  or  hand  wheel  in  the  turret 
acting  on  a  system  of  bell- crank  levers.  When  not  in  use  the  mirror 
can  be  brought  inside  the  turret  and  slid  along  the  roof,  where  it  is 
secured  so  as  not  to  be  in  the  way  nor  liable  to  damage. 

The  line  of  sight  is  reflected  from  the  outer  mirror  upon  that  fixed 
in  the  turret,  whence  the  captain  of  the  turret  may  safely  lay  upon  the 
object. 

For  giving  the  necessary  elevation  or  depression  to  tuiTCt  guns  a  wood 
scale  is  in  all  cases  used. 

Two  corrections  in  elevation  are  at  times  required : — 1st,  to  make  up 
for  the  ship's  heel,  and  2nd,  to  make  up  for  the  gun  being  raised  bodily 
from  one  step  to  another  when  mounted  on  muzzle  pivoting  candages 
(vide  Treatise  R.C.D.  1874,  p.  119). 

The  first  correction  is  thus  made  : — The  captain  of  the  turret  observes 
how  many  degrees  above  or  below  zero  are  given  by  the  hind  turret 
sight  when  laying  on  the  object ;  this  number  of  degrees  is  added  to  or 
taken  from  the  proper  elevation  given  by  the  wood  scale  as  follows : — 
The  position  of  the  clamp  on  the  wood  scale  is  not  altered,  but  the 
pGinter  on  the  clamp  is  apphed  to  the  given  number  of  degrees  above  or 
below  zero  on  the  heel  scale  marked  on  the  cascable. 

The  second  coiTCCtion  is  made  by  means  of  a  simple  arrangement  in 
the  wood  scale,*  so  that  the  latter  can  be  shortened  or  lengthened  to 
correspond  to  the  height  through  which  the  gun  is  lowered  or  lifted 
when  placed  on  the  several  steps. 

2.  Moncrieff  Sights. 

In  addition  to  the  ordinary  sights,  two  special  sighting  arrangements 
are  employed  with  guns  mounted  upon  Moncriefl*  carriages. 

(1.)  That  used  with  7-inch  guns  mounted  on  Moncrieff  carriages,  7-iiichgun 
Mark  I.,  consists  of  a  skeleton  gun  metal  bracket  secured  by  screws  to  carriage, 
the  trunnion  ring  ;  the  sight-notch  is  a  small  V-shaped  pin  of  metal  ^^^ }' 
sliding  up  or  down  in  the  skeleton  fore  sight  frame,  and  clamped  by  a  ^[^^  ^ 
thumbscrew,  and  the  graduation  is  in  yards.     To  elevate  the  gun  the  V 
most  be,  of  course,  lowered. 

The  hindsight  is  a  mirror  in  a  gun  metal  bracket  screwed  to  the  top  of 
the  gun,  near  the  breech  end,  as  shown  in  Fig.  below  : — 

*  A  gnu  metal  tabe  with  a  button  at  the  lower  end  slides  in  and  oat  of  a  socket  in 
the  scale,  the  button  retting  on  a  small  plate  secured  to  the  bottom  plate  of  the  carriage. 
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Wrovi^  Iron  XJL.  G11119  T-indi  7  touy 

Sketch,  showing  position  of  Moncrieff  Sights. 

Scale  ^. 


7-inch  or  f^pr. 
gun  carriage, 
SCarkIL 


The  woodcut  shows  the  servioe  position  of  the  eights  when  finally 
adjusted  on  this  particular  gun  with  carriage,  Mark  I. 

The  mirror  has  cross  Unes  upon  it,  and  in  order  to  lay  the  gun  on  an 
object,  the  V  is  clamped  at  the  proper  elevation  and  the  gun  traversed 
until  the  object  itself  and  the  bottom  of  the  Y  are  reflected  together  on 
the  intersection  of  these  cross  lines. 

(2.)  That  employed  with  7-inch  R.M.L.  guns  of  7  tons,  mounted  on 
carriages,  Mark  11.,  and  for  f^pr.  guns  on  carriages.  Murk  I.9  consist  of 
two  mirrors  are  used  without  a  fore  sight.  One  of  these  mirrors  is 
secured  to  the  end  of  the  right  trunnion  of  the  gun  by  a  circular  bracket, 
and  the  other  is  fastened  to  a  sliding  bracket  or  frame  which  can  be 
moved  along  a  gun  metal  are  screwed  upon  the  lower  part  of  the 
elevator,  and  which  is  graduated  in  degrees. 
.  ,  _^,  -  To  lay  the  gun  by  these  sights  it  is  necessary  that  the  object  aimed  at 
^rtiaite,  *  ^^^  *^®  intersection  of  the  cross  lines  upon  the  upper  mirror  should  cor- 
respond with  the  intersection  of  the  lines  upon  the  lower  mirror,  the 
latter  being  clamped  on  the  bar  at  the  proper  angle  of  elevation. 

To  fix  the  sights  on  the  7-inch  gun,  carriage  Mark  J.,  first  take  out 
the  preserving  screws  and  thoroughly  clean  the  fitting  surfeM^es  of  both 
gun  and  sight  brackets ;  then  screw  on  sights  (using  the  thick  screws 


To  fix  the 


7-inch  M.L.  Gun,  mounted  6n  Moncrieff  Carriage  ( 

Sketch  showing  position  of  Beflecting  Sights. 
Scale  J  in.  =  1  foot. 


XL). 


R-M-L.  SIGHTB  AND  FITTINGS.  199 

for  the  reflector),  taking  care  that  the  screws  are  sent  firmly  home,    ohaP.  IX. 

otherwise  the  shock  of  finng  will  loosen  the  sights,  destroy  the  adjust-  

menty  and  perhaps  break  the  glass. 

When  the  sight  brackets  are  firmly  fixed,  lay  the  gun  accurately  by 
the  tangent  sights  (at  zero)  on  a  fixed  object  sufficiently  &r  off  to  render 
the  lateral  distance  between  the  two  systems  of  sighting  inappreciable ; 
then  observe  whether  the  intersection  of  the  cross  lines  (i.e.,  the  centre 
of  the  top  of  the  T)  upon  the  reflector  is  in  line  with  the  zero  of  the  fore 
sight  and  the  object,  also  whether  the  vertical  line  (the  upright  of  the 
T)  on  the  glass  coincides  with  the  centre  line  of  the  fore  sight,  indicated 
by  the  extremities  of  the  longer  line.  If  both  these  conditions  are  ful- 
filled, the  sight  is  in  adjustment ;  if  not,  the  glass  must  be  shifted. 

To  move  the  glass,  unscrew  the  metal  strips  round  the  face  of  the 
frame,  and  take  out  the  narrow  frame  cushions  of  india-rubber  or  other 
elastic  material,  and  also  the  wood  packing,  leaving  the  glass  in  the 
frame  ;  then  adjust  the  glass  by  paring  down  the  old  pieces  of  wood, 
and  wedging  up  with  fresh  ones,  as  may  be  required ;  when  correctly 
and  firmly  fixed,  replace  the  cushions,  and  screw  in  the  metal  strips 
agidn  ;  the  sight  will  then  be  ready  for  use. 

There  are  four  fine  lines  on  the  edges  of  the  mirror,  and  four  on  the 
frame ;  the  relative  positions  of  these  should  be  accurately  noted  after 
the  final  adjustment  of  the  sight,  so  that  any  shifting  may  be  readily 
detected. 

The  same  course  should  be  pursued  with  carriages  Mark  II.  as  to  Mark  II. 
deaning  the  fitting  surfaces,  &c.,  and  fixing  the  sights  to  the  gun  and  carriage. 
elevator,  as  in  the  case  of  Mark  I.,  already  described. 

Kun  the  elevator  up  to  its  firing  position,  set  the  lower  sight  at  zero 
on  the  curved  bar,  and  clamp  it.  After  this  lay  the  gun  by  the  ordinary 
tangent  sights,  also  at  zero,  upon  a  distinct  object,  and  observe  whether 
the  object  itself  and  the  intersection  of  the  cross  lines  on  the  top  mirror 
coincide  with  the  intersection  of  the  similar  lines  upon  the  lower  one, 
also  whether  the  vertical  and  horizontal  lines  on  the  one  mirror  strictly 
coincide  with  those  on  the  other.  If  these  conditions  are  fulfilled  the 
sights  are  in  adjustment,  if  not,  the  glasses  must  be  shifted  as  described 
in  instructions  given  for  sights  with  Mark  I.  carriage. 

3.   Chase  Sights. 

When  guns  of  25  tons  and  upwards  are  mounted  behind  shields  Chase  sight 
originally  intended  for  lO-inch  or  9-inch  guns,  it  is  found  that  the  ports 
foul  the  ordinary  sights  when  the  guns  are  traversed.* 

Various  modes  of  getting  over  this  difficulty  have  been  proposed  by 
placing  sights  on  the  chase  of  the  piece,  and  in  June  1874  it  was 
approved  of  that  for  such  guns  a  mode  of  sighting  should  be  adopted 
which  had  been  brought  forward  by  Colonel  Inglis,  R.E. 

The  system  embraces  a  fore  sight  and  a  tangent  sight  with  reflector. 
Both  are  fixed  on  the  chase  of  the  gun  at  a  distance  apart  of  30  inches, 
and  a  set  being  furnished  for  each  side  of  the  gun. 

The  fore  sight  is  an  ordinary  drop  sight,  fitting  into  a  gun  metal  Fore  sight. 
socket  let  into  the  chase. 

The  hind  sight  consists  of  a  rectangular  steel  bar,  graduated  in  degrees  Hind  sight. 
on  its  rear  face,  and  fitting  into  a  socket  in  the  chase.  Upon  this  bar 
slides  up  and  down  a  cross-piece  of  steel,  the  direction  of  which  is 
parallel  to  the  axis  of  the  gun ;  upon  the  muzzle  end  of  this  cross-piece 
is  a  vertical  sight-leaf  with  a  notch  for  use  as  a  back  sight,  the  leaf  being 
capable  of  sliding  laterally  to  give  deflection  up  to  SC^  B.  or  L. ;  it  can 
be  clamped  as  usual  by  a  set  screw. 

*  i,e.  For  guns  mounted  on  **  small  port "  carriages. 
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Between  this  leaf  and  the  tangent  bar  there  is  a  v^tical  axle  on  the 
cross-piece  (the  axis  of  which  is  in  line  with  the  sights),  and  upon  this 
axle  a  mirror  is  fixed  which  can  revolve  freely  in  a  horizontal  plane  and 
partially  in  the  vertical  plane  also.  The  cross-piece  carrying  the  back 
sight  1^  and  mirror  can  be  clamped  at  any  required  elevation  on  the 
tangent  sight  bar  by  means  of  a  powerful  set  screw. 

To  use  this  sight  the  man  laying  the  piece  stands  in  front  of  the 
trunnions  with  his  back  to  the  port,  and  having  clamped  the  cross-bar  at 
the  necessary  elevation,  lays  the  gun  by  traversing  until  the  object,  the 
notch  on  back  sight,  and  point  of  fore  sight  are  reflected  together  upon 
the  miiTor,  which  he  can  adjust  to  suit  his  own  position,  or  else  the 
mirror  can  be  clamped  at  an  angle  of  46^,  when  the  person  laying  will 
have  to  shift  position. 


Chask  Sight  fok  Heavy  Guns. 


4.  Telescopic  Sights  {experimental). 

As  the  range  of  guns  became  greater,  and  the  accuracy  of  their  fire 
increased,  attempts  were  natural^  made  to  aid  the  eye  by  artificial 
means  when  laying  upon  distant  objects,  and  we  find  tluit  so  long  ago 
as  1867  a  telescopic  sight  was  proposed  by  Captain  (now  Colonel) 
Tounghusband,  R.A.,  which  was  tried  at  Shoebuiynesa. 
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Since  that  date,  although  the  subject  has  been  frequently  mooted,  no    CHAP.  IX 

new  sight  of  this  description  has  been  definitely  brought  forward  for         

employment  in  the  service  until  of  late  years. 

Alterations  in  Colonel  Younghusband's  telescopic  sight  above  men- 
tioned were  designed  in  the  B.6.F.,  and  this  sight  has  been  used  with 
the  experimental  80-ton  gun,  and  with  the  12-pr.  field  guns. 

It  consists  of  a  telescope  with  cross  wires,  mounted  upon  a  quadrant, 
the  supports  of  which  have  concave  feet  on  the  under  side;  these 
feet  fit  upon  a  rounded  bar  secured  to  the  side  of  the  gun,  in  a  position 
parallel  to  the  axis  of  the  piece.  The  sight  is  furnished  with  a  small 
cross  level  at  right  angles  to  the  telescope,  and  can  by  this  means  be 
properly  adjusted,  so  that  the  line  of  sight  shall  always  be  parallel  to  the 
axis  of  the  piece,  whether  the  trunnions  are  level  or  otherwise.  When 
this  adjustment  is  made  the  sight  is  fixed  to  the  bar  by  a  clamp,  and 
the  piece  laid  by  means  of  the  telescope. 

In  1875, also, Lieut,  (now  Captain)  Scott,  B.E.,  proposed  a" pendulous 
telescopic  sight,"  which  was  very  similar  in  construction  to  that  of  the 
ordinary  theodolite.  The  sight  was  fitted  below  with  knife  edges  fitting 
into  slots  in  a  gun  metal  bracket  secured  to  the  side  of  the  gun  at  the 
breech  end  ;  this  sight  was  tested  at  Shoeburyness  in  1876,  and  also  in 
February  and  March  1876,  and  gave  fair  results,  but  proved  delicate 
and  difficult  to  read. 


5.   Wood  Scales. 

For  naval  service  a  wood  scale  is  used  in  connexion  with  the  ship's  Wood  scale, 
pendulum  or  director,  for  giving  elevation  or  depression  when  the  ol^ect 
aimed  at  cannot  be  seen  from  the  gun.     The  scale  is  square  in  section, 
and  is  graduated  for  degrees  and  yards,  both  for  full  and  battering 
charges. 

When  it  arrives  on  board,  it  is  cut  so  that  when  placed  upright  on  the  Adijustment, 
naval  slide,  the  zero  of  the  scale  corresponds  to  the  zero  of  the  gradua- 
tions (3^^  elevation  or  depression),  on  the  rear  face  of  the  cascable,  the 
gun  being  parallel  to  the  deck.  It  is  provided  with  a  moveable  dide, 
fitted  wi&  a  pointer  and  clamping  screw ;  this  can  be  set  at  the  required 
elevation  or  depression,  and  must  be  made  to  coincide  with  the  degree  §§  1477-8. 
on  the  cascable,  which  corresponds  with  the  heel  of  the  ship,  in  order  to 
give  the  necessary  elevation  to  the  gun.* 

Those  used  with  heavy  guns  mounted  on  muzzle  pi  vetting  carriages 
have  also  an  arrangement  by  which  they  can  be  lengthened  or  shortened 
(vide  p.  197). 

The  graduations  on  this  scale  are  computed  with  a  radius  equal 
to  distance  between  the  rear  face  of  cascable  and  the  axis  of  the 
trunnions. 

When  the  radius  is  above  40  inches  the  graduations  on  the  tangent 
scales  are  calculated  for  each  degree,  and  therefore  increase  in  length  for 
the  higher  elevations.  Under  40  inches  radius  the  scale  is  calculated 
for  the  highest  elevation  and  divided  into  degrees  of  equal  length. 


*  The  yarioiu  marks,  &e.  of  these  scales  are  given  in  Table  at  p  880. 
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6.  Index  Piatei  and  Reader.  CHAP.  IX. 

In  order  to  iicilitate  the  elevating  of  9-incli  guns   and   npwenlB        r^~i 
mount«d  on  casemate plBtforms,  a gan-metal arc  termed  an  "index plate"  f—,^^ 
is  secured  to  each  side  of  the  gun  near  the  breech  end  b;  two  screws.  f^ntd«. 
These  arcs  are  graduated  for  117'  elevation  down  to  6°  depression,  and 
K  gon-metal  pointer  termed  "  reader  for  index  plate  "  is  secured  to  the 
carriage,  so  that  the  number  working  the  handle  of  the  elevating  gear 
can  see  when  the  required  elevation  is  given.    There  are  two  patterns, 
Marks  I.  and  IL    See  table,  p.  232. 

lO-nicu  E.H.L.  Gun,  IS  Tokb.    Ihdbx  Flatk  Ann  BKUiea. 
iSixe. 


7.  Clinometer.'* 

This  instnunent,  which  was  introduced  into  the  Bervice  in  1867,  can  g  l< 
be  used  for  giving  the  angle  of  elevation.     It  is  issued  as  part  of  the 
equipment  for  field  guns. 

It  consists  of  a  12-inch  boxwood  rule,'  with  aquadrant  marked  on  the 
joint  and  a  spirit  level  set  in  one  edge. 

A  few  useful  scales  and  memoranda  arc  marked  on  the  faces. 

8.   Quadraal,'' 

A  qnadraot  of  the  description  shown  od  next  page  was  also  introduced 

fw  the  same  purpose  in  1867.   This  pattern  was  introduced  to  replace  an 

idder  one  whitdi  had  previously  been  employed  for  these  pieces  of 

(M-dnancfl. 

*  Thew  stotet  m  not  made  in  the  B.Q  J.,  bnt  obtained  ly  eontnct. 
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For  the  rifled  howitzer  lately  adopted  a  new  and  improved  form  of 
qoadraDt  will  (probably)  be  employed,  with  a  epirit  level  showing,  in 
ftdditiou,  whether  the  trunnions  are  horizontal  or  otherwise.* 
Mew  Quadbast  ms  Latimo  HowtTzsas. 
i  Full  Siie. 


[*jriiur  «ppt. 
nto*  for  siege 


d3 


This  inatmrneDt  will  be  applied  to  steps  cut  on  the  surface  of  the 
piece. 

9.  Hangiitg  Scales  (^Experimental).^ 

This  is  a  special  ari'sngement  employed  for  laying  siege  pieces  when 
under  cover,  so  that  the  object  to  be  aimed  at  cannot  be  seen.  The 
elevation  in  such  case  is  given  by  means  of  (a  clinometer  or)  quadnut, 
as  before  explained. 

The  scales  consist  of  two  frames,  one  hanging  from  the  axletree  of 
the  gun,  and  a  second  partdlel  to  the  former  hanging  &om  the  trail,  the 
frames  being  at  right  an^es  to  the  axis  of  the  gun  and  swinging  fireely 

*  The  importtoce  of  having  some  nioh  arran^meDt  for  eliminating  tbe  cttimi 
due  to  difference  of  level  of  tmnnioiu  with  sigbta  m  fixed  positinnB  in  tbe  gnu,  will 
be  iteen  from  the  following  exainpte*.  Of  coarse  for  purpoees  of  experiment  where 
extreme  accuncy  is  desirable,  .find  dclicicy  of  InetrnmeDi  of  comparativelj  little 
importance,  euch  a  sight  as  that  ileHcribed  would  be  paiticnlarly  oseftaj. 
Let    R  =  the  range. 

E  '^  angle  of  elcvatioii. 

|9  —  angle  of  Inclioatiau  of  Crunnioiu,  with  horiiontal  plane. 
S  =  deflection  due  to  the  inclination  of  the  trunniona. 
Now  it  can  readily  be  proved  that  3  ^  R  ,  tan  E  .  sin  ^. 

With  the  IS-inch  60-iod  gun,  let  us  anppoae  that  when  Sring  at  an  elevatioa  of  7° 
with  range  of  4,694  yards,  one  trunnion  was  j  of  an  inch  hi^ier  than  tbe  other 
from  platform  slightly  giviog  "-aj ;  then,  at  length  of  axi«  paning  tlin>n^  both 
tmnmons  is  106  inches. 

Wehaveinlhiscasc!  =  4694taD7°-  sin  ^ 
=  4694    tan  7°  •/£l25\ 
\   106/ 
Therefare  !  —  3  -  6  yards  nearly,  whereat  the  meaaored  defiection  with  fire  toimdj 
as  above,  was  only  I'S  yaxA. 

We  see,  then,  that  the  error  doe  to  a  vei?  lUght  inclination  of  thBtrannionajWonld 
be  just  doable  that  of  the  gun  ai  flred. 

t  AlthoDgb  still  experimental,  scales  of  this  description  are  to  b«  ad^tad  witk 
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on  the  supporting  hooks  and  eyebolts,  so  that  they  always  assume  a    CHAP.  IX. 
yertical  position  when  in  use.  ""^^ 

When  the  piece  is  in  action  and  the  frames  hanging  down,  the  distance 
between  their  lower  edges  is  6  feet,  measured  in  the  vertical  plane  passing 
through  the  axis  of  the  guu. 

For  the  front  frame  two  eyebolts  are  screwed  into  the  underside  of  the  Front  frame, 
axletree  at  equal  distances  from  the  centre.     Two  suspending  rods  of 
iron  are  hung  by  hooks  on  their  upper  ends  Irom  these  eyebolts.     Each  Suspending 
suspension  bar  is  in  two  lengths,  one  of  which  can  slide  along  a  part  of  ^^^s. 
the  other  and  then  be  clamped  in  position  by  a  set  screw,  so  that  the 
bars  may  be  lengthened  or  shortened  at  pleasure.     The  lower  portion  of 
each  bar  terminates  in  a  gun  metal  cap  having  a  large  rectangular  slot 
through  it  laterally  and  a  small  eye  on  the  front  side. 

A  third  iron  rod,  termed  a  "  distance  rod,"  each  end  of  which  is  bent  Distance  rod. 
at  right  angles,  hooks  into  the  eyes  at  the  front  of  the  caps,  completing 
a  rigid  frame,  the  upper  portion  of  which  is  the  axletree  itself,  the  sides 
being  the  two  suspension  bars  and  the  lower  side  the  ^^  distance  bar.*' 

The  frame  swings  freely  on  its  upper  side  in  a  vertical  plane,  the 
bearing  surfaces  of  the  suspension  bar  hooks  and  the  eyebolts  in  the 
axletree  being  knife-edged. 

The  front  *'  scale  bar  "  fits  through  the  lateral  slots  in  the  caps,  and  Scale  bars, 
is  therefore  parallel  to  the  distance  bar.     It  is  capable  of  lateral  move- 
ment in  the  frame  to  the  right  or  left,  and  can  be  clamped  by  a  thumb- 
screw in  each  cap. 

This  scale  bar  is  a  rectangular  bar  of  steel  painted  white,  from  20  to 
25  inches  in  length,  2  inches  wide,  and  0'''5  thick.  It  is  graduated  in 
degrees  from  0°  to  9°,  each  of  which  is  subdivided  into  smaller  parts 
corresponding  to  10  minutes.  The  divisions  and  subdivisions  arc  clearly 
markcNl  by  enamel  let  into  the  bar. 

When  required  for  use  the  hooked  end  of  the  suspension  bars  are  How  the  scales 
inserted  into  the  eyebolts  under  the  axletree,  and  adjusted  (as  to  length)  are  prepared 
80  that  the  scale  bar  when  passed  into  the  caps  may  nearly  touch  the  ^^''  '^®* 
platform  with  its  lower  edge. 

The  lower  ends  of  the  suspension  bars  are  thus  connected  by  the 
distance  bar,  and  the  scale  bar  placed  in  the  caps. 

For  the  rear  frame  two  eyebolts  are  screwed  into  the  side  of  the  R«ar  frame, 
trail,  so  that  when  the  frame  is  suspended  from  them  the  distance 
between  the  two  scale  bars  should  be  6  feet. 

This  rear  frame  consists  of  the  same  parts  as  the  front  frame,  but  the 
suspension  bars  are  of  course  shelter. 

The  scale  bar  is  rather  longer  than  that  of  the  front  frame,  and  in 
addition  to  being  graduated  like  the  latter  has  a  scale  on  the  rear  face  Deflection 
for  giving  deflection  up  to  3°.  scale. 

In  order  to  use  the  scales,  obtain  the  line  of  fire  in  direction  (by  How  to  use 
pointing  rods  or  otherwise),  and  mark  its  prolongation  along  the  length  ^^^  scales, 
of  the  platform.     The  division  on  the  first  scale  cut  by  this  line  is 
noted,  and  the  piece  traversed  until  the  same  line  cuts  a  division  on  the 
rear  scale  equal  to  that  on  the  front. 

Deflection  is  given  by  pushing  the  rear  scale  to  the  left,  the  number  of 
d^rees  being  given  by  the  graduation  on  the  right  end  of  the  rear  face. 

Fittings  and  Small  Stores. 

We  now  come  to  the  other  fittings  and  stores  for  R.M X.  guns,  besides 
their  sights.     These  are  all  shown  in  Table  p.  232,  in  alphabetical  order. 

Bearers,  shot  or  shell. 

These  are  for  use  with  the  L.S.  9-inch,  7-inch,  and  80-pr.  guns,  and  §  ISSO. 
the  8-inch  howitzer. 
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ClampSf  moveable^for  Tangent  tights.  CHAP.  IX. 

of  gun  metal  and  clamp  the  side  sights  at  the  required  elevation,  §§  1144-1857. 
140.    They  are  used  with  26-pr.  KMJL.  guns  and  upwards.^ 

DeTrricks, 

9  fitting  is  now  providedf  for  9-inch  L.S.  guns  and  upwards,  for 
rpose  of  raising  the  projectile  to  the  muzzle  of  the  piece, 
i  made  of  bronze,  and  consists  of  a  band  (A)  and  derrick  (B),  as 
by  the  drawing  below.    The  band  is  fixed  round  the  chase  of 

Ordnance  Wbocoht  Ibon  B.M.L.  12*5-Inoh  38  Tons. 
Muzzle  Dbbbick.    Scale  1  inch « I  foot. 


lese  clamps  are  only  interchangeable  for  certain  natures  of  guns,  vii. : — 
1  18  2-  25  inches  in  height  for  T'  B.L.,  82  cwt. ;  1 


and  12''  of  25  tons  R.M.L. 


100  pr.  8.B.  9''  of  12  tons  11 


80 


2  is  1  -625  Uiches  in  height  for  64-pr.  64  cwts.  R.M.L.,  and  --pre. 

68 
8  it  1  '495  „  for  all  other  B.M.L.  guns  except,  — 

4»  the  40-pr.,  35-pr.,  and  8"  howitzer  B.M.L.,  for  which  the  clamps  are 

l^'-125hi|^. 
Ua  with  Yarimis  enerimental  derricks  have  been  carried  out  from  time  to 
nee  1866,  when  the  O.S.C.  proposed  such  stores  for  the  13"  gun. 
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the  gun  at  a  distance  of  from  seven  to  twelve  inches  Irom  the  muzzle, 
according  to  the  nature  of  gun,  and  the  derrick  is  secured  to  it  by  two 


§2118. 


|§  476-688. 


screw  bolts.  The  derrick  has  a  "  bridge  piece  "  (b)  which  rests  on  the 
top  of  the  chase,  supporting  the  fore  part  of  the  derrick,  which  projects 
over  the  muzzle  the  amount  required  for  convenience  of  loading.  To 
the  loop  (c)  would  be  hooked  the  single  block  of  the  small  tackle  by 
means  of  which  the  projectile  is  raised.  guu 

The  band  when  adjusted  in  the  proper  position  is  secured  to  the  jjck 
by  four  screws.     Instructions  for  adjusting  and  securing  these  der 
bands  are  given  at  p.  375,  Appendix  II. 

Guards  metals  vent 

For  S.S.  10-inch  guns  when  mounted  on  gun  boats  of  the  ''  Blazer  " 
class,  to  prevent  injury  to  the  men  from  the  flash  of  the  vent  when  the 
gun  is  fired. 

These  are  issued  to  the  navy  and  are  fitted  by  their  artificers  to  the 
guns. 

Guide  plates. 

Guide  plates  are  of  steel,  and  one  is  screwed  in  at  the  right  rear  of  the 
vent  to  guide  the  lanyard — which  passes  through  it«-direct  on  the  quill 
friction  tube.  It  has  a  cross-head  on  the  top,  to  which  a  loop  on  the 
lanyard  can  be  attached  when  the  gun  is  loaded,  and  so  prevent  the  gun 
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being  fired  accidentallj.    The  navy  alone  use  it,  as  thej  fire  their  guns    CHAP.  IX. 

firom  the  rear  immediatelj  the  object  is  in  line,  and  this  guide  plate         

enables  the  gunner  to  haye  a  steady  and  direct  pull  on  the  lanyard 
while  looking  oyer  the  sights. 

Scale  i. 


Paichf  preserving,  muzzle  sight. 

This  coyers  the  screw  holes  for  the  muczle  sight  of  the  9-pr.  6-cwt. 
S.S.  gun,  when  the  sight  is  not  on  the  gun. 


Pieces  J  pivot. 


See  Plate,  metal,  elevating. 


§  1435. 


Pin,  iron^  friction  tube. 

The  friction  tube  pin  is  screwed  in  1  '3  inch  to  the  left  front  of  the 
vent  and  a  spare  hole  is  made  adjoining  it,  lest  the  pin  should  be 
iHToken  ofi^,  leaving  its  stump  in  the  first  hole.  The  leather  loop  of  the 
SJS.  quill  friction  tube  is  placed  over  this  pin,  to  prevent  the  tube 
coming  out  or  breaking  when  the  lanyard  is  pulled,  whilst  to  ensure 
direct  action,  the  lanyard  is  parsed  through  the  gidde  plate,  which  is 
screwed  into  the  gun  in  rear. 


§1141. 


HUXZLR 


—STUD 


,  (  Tapering  to 
^^-"       )   length 


228  in  s 

,    of 

V  linch. 


I 


BREECH 


I 

o  I 


Pins,  iron,  keep,  pivot,  elevating. 
Soe  Plate,  metal,  elevating. 

Pivots,  steel,  for  elevating  arc. 
See  Plato,  metal,  elevating, 

40152. 


§  14S5. 


§1435. 


O 
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c:iIAr.  IX.  Platet,  ntgtal,  elevatag. 

Uktailk  or  Fl.*TE^  Mktal,  Blbtatiko,  «>»  »-w.  BJIJ^  Oom,  IJ  » 
Sm  S  1439. 


SI  H3J,  m7. 
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They  are  used  in  conjunction  with  a  pointer  or  reader  attached  to  the    CHAP.  IX. 
carriage,  vide  p.  203.     See  Table,  p.  232.  

Mark  II.  is  used  with  10"  guns  on  low  carriages  Mark  II.  and  low  §5 1212, 1575. 
platforms,  vide  Treatise  R.C.D.,  1874,  p.  216. 

Flickers,  priming. 

They  are  to  prick  the  cartridge  and  are  of  four  different  lengths,  viz., 
29-inch,  23-inch,  17-inch,  and  7^  inch.  Most  of  the  existing  prickers 
are  made  of  iron  except  the  29-inch  pricker  which  is  of  steel.  For 
the  future,  however,  all  to  be  made  of  steel.     R.C.D.,  1874,  p.  116. 

Reader  far  index  plate. 

See  Index  plate.     Are  of  gun  metal  and  attached  to  the  carriage,  and  §§  1306, 1478. 
are  right  and  left  handed. 

r 

ScaleSf  wood. 
Are  used  in  connexion  with  the  heel  scale  for  S.S.  guns,  vide  p.  202.    §§  1204, 1752. 

Scales^  woodf  side. 

The  64-pr.  guns  for  S.S.  are  provided  with  these  scales,  and  are  used 
in  a  similar  manner  to  those  for  smoothbore  guns. 

Screws  J  copper^  set. 

Bight  and  left  hand  for  16-pr.  guns,  and  serve  to  clamp  the  tangent 
sight. 

Screws, ^xing  and  preserving. 

All  fittings,  &c.  are  attached  to  the  guns  by  means  of  '<  fixing 
screws,"  and  when  such  fittings,  &c.  are  removed,  the  holes  are  filled  up 
up  by  "  preserving  screws." 

Sights. 
See  pp.  214-228  and  Table  p.  234.    . 

Sockets,  meted. 

The  centre,  hind,  and  tangent  sights  work  in  these  sockets  which  are  §  14S1. 
let  into  the  gun. 

Studs,  trunniotu 

In  order  to  facilitate  the  mounting  and  dismounting  of  very  heavy 
gans  in  casemates,  Colonel  Inglis,  R.E.,  proposed  in  1874  that  studs 
should  be  screwed  into  the  trunnions  of  38-ton  guns,  which  would  afford 
points  by  means  of  which  the  gun  could  be  raised  with  the  aid  of 
powerful  hydraulic  jacks  and  a  beam  with  wrought  iron  loops  fitting 
over  the  studs.  These  studs  were  tried  that  year  and  found  to  answer 
well,  in  consequence  of  which  their  employment  for  38-ton  guns  for 
L.S.  was  approved  of  in  1875. 

The  gun  is  prepared  for  them  by  boring  into  the  face  of  each  trunnion^ 
the  holes  being  about  4  inches  in  depth  and  3 '  5  inches  in  diameter,  and 
tapped  for  about  3  inches.  The  studs  themselves  are  of  wrought  iron 
of  the  shape  shown  below,  and  when  screwed  home  project  8  *  75  inches. 

20-ton  hydraulic  jacks  would  be  used  in  conjunction  with  them. 

As  the  studs  are  interchangeable,  only  a  certain  proportion  require  to 
1)0  issued,  and  not  a  pair  for  each  gun. 

o  2 
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Wrench,  Box,  Fore  Sight. 

In  case  the  fore  eight  of  the  L.S.  9-pr.  gnus  becomee  damnged  or 
requires  remoring,  this  wrench  is  isaaed  for  the  pnrpose  of  effecting  this 
removal. 


s  Elivatiho  IUcxb.    T,  8,  ud  9-iiich  B.H.L.  Gmw. 
Makk  II. 


Tliis  wrench  (Mark  II.)  ia  for  tiie  purpose  of  attaching  the  elevaliif 
platett  to  the  above  guns ;  but  as  they  were  not  found  to  answer,  a  bent 
Hcrcwdriver  (Wrench,  Mark  m.)  was  adopted  for  lO-inch  gune  ud 
upwards,  while  those  of  Mark  IL  were  to  be  utilised  for  smaller  natural 
until  the  slock  was  exhausted. 

Mark  III.  proved  not  powerful  enough,  and  will  be  superseded  hjt 
new  and  much  more  powerful  instrument,  Mark  IV.,  shown  h«]ow. 
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This  coDBJBts  of  two  separate  pieces,  one  only  (A)  of  which  need  be 
cmjdojed  to  remove  the  pivot  piece  vben  the  elevatiuf;  arc  is  not  secured 
to  the  gnn,  but  both  (A  and  B)  are  necessary  should  the  arc  bo 
attached. 

Part  A  is  a  strong  wrought  iron  bar  with  a  wrench  at  one  end,  and 
at  the  other  a  projecting  stud  to  fit  into  the  slot  in  the  face  of  the  pivt>t 
[riece.  Upon  it  slides  a  jaw  (c)  (kept  in  the  centre  by  a  spring  when  not 
required). 

To  use  the  wrench  in  removing  a  pivot  piece  pi'eparatory  to  fixing 
(Ri  the  elevating  rack,  place  the  stud  (d)  into  the  slot  on  the  pivot  piece, 
slide  the  jaw  (e)  over  the  pivot  piece  behind  the  head,  and  then  unscrew.* 
The  jaw  preventB  any  slipping  and  keeps  the  stud  firmly  fixed  in  the 
pivot  piece. 

To  remove  the  pivot  piece  when  the  elevating  rack  is  attached  by  it 
to  the  gun,  we  mnat  use  A  and  B.  B  is  also  of  wrought  iron,  and  has 
a  bent  portion  (e)  to  fit  over  the  elevating  ai-c,  the  screw  (f)  eecuring 
it  firmly  in  position  ;  the  screw  (ff)  has  a  spindle  passing  trough  ila 
centre,  on  the  end  of  which  is  a  stud  for  fitting  into  the  pivot  piece. 

On  the  screw  and  spindle  where  they  meet  are  cut  hexagonal  faces,   %  1313. 
and  the  wrench  fits  over  both  together. 

To  remove  the  pivot  piece,  fix  B  to  the  arc,  screw  up  (g)  until  the 
stud  ii  well  home  in  the  slot  of  the  pivot,  then  apply  the  wrench  (A)  to 
the  bexagonid  surbcee,  and  unscrew  the  stud. 

ffrenck,  Pin,  Friction  Tribe. 
This  wrench  has  four  arms,  which  are  used  for    the    following 

Box  wrench  for  friction  tube  pin. 
Spanner  for  sight  and  fixing  screw. 
Tommy  for  guide  plate. 
Screw-driver  for  «ght  screw. 

*  ^Die  keep  inn  being  of  course  removed. 
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Natube  of  Latkbt  Patubms  of  Takoent  Sights*  and  particalan  of 
GaADDATioire  for  Rifled  MJJ.  Gdns. 


Qndtuthnu 

TMaa 

uy. 

tmDtgntm. 

NitnnofQnii. 

Qt 

lUdiiu 

-f 

nmatia. 

Sight. 

A. 

IpcbM. 

I 

l»iD«b.Wtaiii  .      -      - 

- 



U-UiMh.3Stoiu       -      - 

- 



{;: 

m 

Bide. 

lft4Dob.W(oiii    -      -      - 

I. 

I'tV 

" 

U 

Ootre-t 

UOMocb,  a  loui     - 

Nil. 

(« 

1! 

10 

S88 

«*>    \    Mor«^ 

l»»-l 

1 

9M 

II. 
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11 
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" 

B 

M» 
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t°M' 

w 
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loo 

11 

II 

im 

Side.      ."lll^M 

».tocb,18tow  -       •      • 

II. 

I'lft- 

n» 

Centre      -    _,jj5|3 

IIL 

I'-ltf 

«> 

8 

10 

11... 
IV.  } 

l,4S-l 

U 

IJ-OBT 

Bide     -      -- 

ttofcllton.  -      -      - 

*V 

Centre-       - 

s»;| 

.    '■ 

*V 

4S'l 

Jl 

8 

^SSSt 

m 

c:.. 

IB 

00 

me    •     . 
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9 
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u 
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IB 
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III. 

»" 

s 

SB 
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{L 

IB 
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I. 

s 

3B 

Centre. 
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I. 
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Bide. 
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Pattern 

of 
Sight 

Per- 
manent 
angle 
ofDe- 
flection 

of 
Sights. 

Length 

Radius 

in 
Inches. 

Graduations 
for  Degrees. 

Nature  of  Oun. 

• 

Length  in 
Inches. 

BemarkB. 

6iOWt8.      • 

v.-vl| 

2*16' 
2°  SO'* 

1    88 

16 

10*06 

Side. 

6«-pr. 

I 

IV. 

2*16' 

88'1 

6 

8*36 

Centre. 

con.   f  71  <^^^  • 

IV. 

2*16' 

88 

15 

10*05 

Side. 

III. 

2*16' 

88*1 

6 

3*85 

Centre. 

4^p9r.  S6  cwt. 

I. 

1*20' 

86 

12 

7-661 

Sft*pr.  18  cwt. 

I. 

0*68' 

80 

12 

6*876 

16-pr.,  12  cwt. 

L 

1*60' 

24 

12 

6*101 

Side. 

r 

rs  owtt . 

HarkL 

}   "• 

1-80 

66 

(    6 
I  12 

6*936 
14*028 

S'^^^^Central 
Lo^gjsighting. 

»-pr.' 

Wrought 
Iron 

8  cwt.    - 
Hark  11. 

}     I- 

1*80' 

66 

I  12 

6*831 
13*815 

S'^^^^'^j  Central 
Long  j  s««»»ting 

6  cwt.    - 
Mark  I. 

1-80 

64*6 

7 

6*703 

Central  sighting. 

^ 

6cwt.t 
iMark  IL 

}  III. 

1*80' 

68 

C  12 

5*948 
14*458 

S*^*^^!  Central 
Long  ^sighting. 

150  Iha.  (Steel) 

IL 

8* 

24*2 

J  10 
C  20 

4*28 
8*81 

Central  sighting. 
Do.     Wood. 

T-pr.' 

MO  Ibc      (Steel) ) 
Mark  IV.          -) 

I. 

8* 

86*4 

I  12 

6*116 
7-736 

^*^°'*1  Central 
Long  >i«^ti°K- 

t00lba.(6ronae)    • 

L 

8* 

1 

88*6 

I  17 

4*708 
10*241 

Central  sighting. 
Do.     Wootl. 

*  Those  with  steel  tabes  flring  10  lb.  charges. 

t  A  brats  plate  showing  the  range  table  is  attached  to  left  bracket  of  carriage. 
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• 

1 
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TABLE  XXIV. 
Tangent  or  Side  Sights  of  Medium  R.M.L.  Guns. 


CHAP.  IX. 


I  Mnxsle 


Kftrk 

or 

Si^t. 


64-pr. 
(Bnilt-up  Chin.) 


80 

-^  pr.  6  tons. 

(Conyerted.) 


Remarks. 


in. 


IV. 


V 


VI. 


VIL 


1 
2 
3 

4 


1 
2 
8 

4 


I 
2 
3 

4 


1 
2 
3 

4 


1 
2 
3 

4 


1 
2 

8 

4 

1 
2 
3 

4 


1 1032. 
0*  to  15°.         a 

Blank, 

Blank, 

Blank, 

1143. 
1254. 
0"  to  15°.        6 
Fuze  scale,  F.  2*0. 
Yards,  3,600. 
Blank, 

§  1476. 
I  1752. 

0*  to  15°.         c 
S.  Full,  8  lbs.,  fuze  27. 
Full    „  Td8.  8,600. 
Blank. 


§2198. 

d^tol5°  d 
S.  F.  8  lbs.  Fuze  27. 
Full    „     Yds.  3,600. 

BlatUk. 


2220. 
0"  to  15°. 
SJ*.  10  lbs.  Fuze  20. 
Full  do.  Yd.  3,500. 
Blank, 


2842. 
0**  to  15°.         e 
Blank, 
Full,  10  lbs  Yds.  5,000 
Fuze  34. 


»» 


t» 


2993. 

to  15°.         / 

D  jd  oiv     f  Yd8.3,600. 
Bed^8lb8.|j.„^'27 

Full,  10  Ibs.Yds.  5,000. 
„       „      Fuze  34. 


a  Barrel  head.  No  yards  gradua- 
tion owing  to  range  not  having 
been  determined.  Introduced 
in  1865. 


6  SUding  leaf  head,  1866    - 


c  Fuze  scale  jy^raduated  in  even 
tenths,  heading  of  yard  scale 
altered,  and  weight  of  charge 
added.  1867.  Adopted  ibr  the 
converted  64-pr.  8-inch  gun, 
1869. 


NiL 


Nil 


Nil. 


d  Owing  to  the  introduction  of  P. 
powder,  regraduation  was  neces- 
sary, and  the  depth  of  notch 
increased,  and  the  graduation 
made  unilorm.  1871.  It  is  also 
now  used  for  the  converted  64-pr. 
8-inch  gun. 

e  Has  a  slow-motion  screw  for 
giving  minutes  of  elevation 
being  required  for  L.S.  64-pr. 
with  steel  tubes  for  siege  pur- 
poses, and  has  also  the  shallow 
notch.     1875. 

/Has  no  slow-motion  screw, being 
used  by  the  S.S.,  has  the  deep 
notch,  and  gradnatedfor  reduced 
charges.     1876. 


A3. 
E. 


D. 


A. 

B.a 

E. 
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Table  X  XT V.— Tangent  or 

Side  Sights  of  Medium  B.MX.  Gxms.'-'Caniinued. 

Mark 

of 
Sight. 

No.  of  Face 
on  Diagram. 

M-pr. 
(Built-up  Oun.) 

80      .. 

ggpr.  stems. 

(Conyerted.) 

Bemarki. 

^1 
ll 

VI  IT.  J 
IX.J 

* 

1 
2 
3 

4 

1 
2 
3 

4 

1 
2 
3 

4 

- 

* 

» 

Note,^^  2998  (1.)  There  are  at  present  six  classes  of  the  above-mentioned  guns,  vis. : 
A.  64-pr.  of  64  cwt.,  Mark  I.  (S.S.) 


B. 
C. 
D. 
£. 
F. 


» 


>» 


»> 


II.  (S.S.) 

in.  (S.S.) 

III.  (L.S.  siege  train). 
71  cwt  converted,  Mark  I.  (L.S.  and  S.S.) 
58  cwt.          „  „     I.  (L.S.) 

(2.)  From  1865  to  the  present  date  there  have  been  introduced  into  the  service  for  those  natures 
of  gnns  six  patterns  of  tangent  sights  and  five  patterns  of  centre  hind  sights. 

(3.)  Tangent  sights  of  Mark  I.  when  returned  into  store  fh>m  H.M.  ships  now  in  commission  will 
be  condemned,  together  with  those  in  store  at  home  and  abroad,  and  sent  to  Woolwich  as  oppor- 
tunides  offer. 

(4.)  Tangent  sights  of  Marks  II.  and  III.  at  present  on  board  H.M.  ships  will  remain  as  they  are 
until  the  vessels  are  paid  off.  Those  in  store,  together  with  those  returned  fixmi  ships  from  time  to 
time,  will  be  sent  to  Woolwich  for  alteration  to  suit  the  guns  for  which  sights  of  M&rk  IV.  can  be 
issued.  The  altered  sights  will  resemble  those  of  Mark  IV.,  but  will  not  be  brought  in  all  respects 
to  pattern.  They  will  be  distinguished  by  having  the  Mark  **  IV."  within  parentheses,  added  to 
their  original  numeral ;  thus  II.  (IV.)  and  III.  (IV.)* 
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TABLE  XXV.— TANGEirr  or  Si 


Xaark 

of 

g. 

r 

:64-pr.  64.  cwt 

Mark  III. 
(steel  tubes). 

40-pr8. 

25-pr. 

16-prs.  ! 

♦»-pr.8cwt.L.8.L 

•••pr. 

Bii^it. 

1. 

II. 

1 

1    Short 

Long. 

Blior 

1 

a 

§  2478.        6 
0°tol2' 

1 
1 

§2864,        6 
0*»tol2<' 

0*»  to  12*. 

§2221. 
0»tol2*'. 

$1920. 
§2067. 
Blank, 

Blank, 

§274t. 
0°to 

2 

— 

Fuse  20 

Fuse  26 

Blank, 

Fuxe28. 

Blank. 

Blank, 

Fiue 

I.- 

8 

^ 

^ 

\ 

Charge  7  lbs. 
Yds.  4,000 

Charge  71bs.» 
Yds.  4,000. 

Yds.  4.000. 

Yils.  4.000. 

Blai^ 

Blank, 

Yds.^ 

ft 

4 

% 

Blank 

t 

Blatik, 

s 

Blank, 

1 

Blank, 
ft 

O»totf». 

• 

«»tol2*. 

Blan 

7 

» 

1 

a 

^^^ 

§2352. 
§2636. 
Blank. 

Blankf 

t 

IL< 

a 
3 

rn^rn 

.. 

— 

— 

— 

Yds.2;400. 
0»to6*. 

Yds.  8,500. 

o^ir. 

« 

k 

4 

— 

•^ 

— 

— 

• 

Fuse  16. 

ft 

Fuse  20. 

- 

1 

a 

— 

_ 

_ 

.. 

_ 

^ 

IIL< 

S 
8 

~~ 

— . 

— 

— 

— 

— 

: 

: 

4 

— 

— 

— 

— 

— 

— 

— 

— 

1 

a 

IV.. 

2 

8 

: 

4 

— 

1 
2 

§2842. 
a»  to  16*>. 

Blank. 

v.. 

8 

Full  10  lbs. 
Yds.6/NX>. 

4 

Do.  Fuie84. 

1 

1 

a 

VI- 

2 
3 

•^ 

4 

HM 

» 

ilnirodncttdinlffl;** 
a.  See  Ublo  of  sights  for  medium  guns. 

6.  Tlute  sights  an;  not  liitemhangealilo.  owing  to  the  difTeront  radius  with  which  these  gnna  are  ilgbtod, 
-  'Hils  pattern  diffpni  frum  Mark  I.  in  having  a  yard  and  fuse  scale,  and  the  degrees  on  ibeloMr  bar  nwi" 
•ertion  bead  on  the«h<>rt  sight  gives  30' right  and  left,  and  the  long  bar  i^i'' shorter  thnttMkW^^ 
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u8. 


•9-pr. 

6owt. 

B.S. 

I. 


*7-pr.  16011m. 
(fteel)  II. 


Short. 


Long. 


n-pr.aooibc  (11661)17. 


7-pr.  aOO  lbs. 
Bronze. 


Short. 


Long.  I  Short. 


Long. 


*  Howitien. 


8-inch. 


6*8inch. 


0. 
H 

K. 
S. 

MMM) 


l^iOO 

»ir. 
eso. 


Blank. 


Blank. 


Blank. 


OP  tor. 


§1506.0 
O^tolO*. 


Blank, 


Blank. 


Blank. 

9 

§1717. 
0*tolO*. 

Blank. 

Blank, 

Blank, 

8 


10°  to  OP 
Blank 
Blank. 
Blank, 


§2406. 

0*to8». 


12  o-f  Yds.  1300. 


8  o-f  Yds.  1.700. 


8*' to  12*. 


Yd8.2.400 
PuzelO. 


Yda.2.200 
Fuze  19. 


"••^(IS^ 


Yds.  000. 
Fuse  19. 


81986. 
0»to8». 


Blank. 
D.8.{| 


Blank. 
OAY. 


Blank. 
O.S.P. 


§1048 

rtoir* 
h 

Blank. 
Y8.1.200 
Fuse  17. 

h 
Blank, 
Yb.  2^800 

h 
Blank. 

Fuse  26. 

• 


O'^toW*'. 


Blank. 


Blank. 


Blank. 

s 


Is  •  1870;  7  1874 ;  » 1868 ;  •  1867. 

m  thin  pattern  hM  been  sealed  or  issued. 

Ition  head  on  the  sight  girps  V  left  and  4l>  right. 

ttn  sight  has  its  fUze  gradation  longer  than  the  previous  pattern. 

br  Mark  I.  gun  which  wai  side  sighted. 

dnaHooa  added  in  November  1871. 

pnt  tights  are  central  though  not  termed  central  hind  tightt. 
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lUrk 

or 

Bight. 


g 
I 


B 


64-pr.64cirt. 

IfiirklU. 
(fteel  tubes). 


4<y>pn. 


II. 


tft-pr. 


Iftim. 


*»-|nr.8cwt.LAL 


Sbort. 


Long. 


*»i>r.8evta 


vn.- 


yin.« 


EL^ 


^\ 


ZL< 


XIL< 


J 
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JL 

•»-pr. 

6cwt. 

B.B. 

I. 

•7-pr.l60lb«. 
(steel)  II. 

«• 

Short. 

Long. 

*7-pr.  800  lbs.  (steel)  lY. 


Short. 


Long. 


7-pr.aoOlbs. 
jBronte. 


Short 


Long. 


*  Howitieri. 


S-inch. 


6*8  inch. 


IftS. 


[ 
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6i-l*ounder. 


64  Cwt. 
(Wrought  iron.) 


61 
32 


CoQTerted. 


-1 1.200. 


J2  lbs. 


S  S&10.    (•) 
0*»  to  6*^ 


Blank. 
Blank. 


^2,2m).    C.S.Fiin.Ulb8. 
]  Yds.  2.200. 

4  IS.  ,.     Fuse  15. 

B'ank, 


i  Vila. 


Fuze 


§  1032.        (') 
0*^10  6^ 


Blank. 
Blank, 

Blank. 
Blank, 
Blank, 


§  1476.       (») 
Ottos'* 

Blank, 


Blank. 


§§  1476, 2066. 
O''to5<' 

Blank. 


laank. 


Full,  8  lbs.  Yds.  2,<K)0.  Full.  8  lbs.  Yds.  2,000. 


S.Ful),81bs.  FuxclS. 


Blank. 


§  21«8.       (•)  b 

0"  to  3' 

Sbftll     Full,     8  Ibii. 
Fuxe  IS. 


S.  Full,  8  lbs.  Fuze  13 


Blank. 


§§2066.2198.    (2)    e 
0*'to5° 

Shell    Full,     8  Iba. 
Fuze  IS. 


Should  be 

iMuedwith 

(^SMiiote 

)k290.) 


NIL 


A.B. 
F. 


^  _         „  'a 'S  JOi  poaniboj  auiof^  qo^oa  da&p  oq^  s«h  7 

putt  ^qafis  indjfuvi  9\\%  Jo  9f?oqi  ojih  gOAVOi  uonoauop  qiiA  po^^g  oati  vpwq  oqx 
puv  '^nuaod  ijia  uu^  oqi  ;o  ad«qs  oqi  s«  «;  sv  poLun  oiv  8uou«np«U  oqx  » 


f  Reduced,  8  lbs.  Fu»f| 

„       ,.    YiUS/IW. 
Full.lUHw.  V.U2,:fl". 

„       „    Fulolil. 

Mtaut. 

Should  babuned 
villi  A.  B.  C.  r. 
iSmnOtep.  SW).  • 
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CHAPTER  X. 


CHAR  X.    MANUFACTURE  OF  R.M.L.  CONVERTED  GUNS ; 

THEIR  SIGHTS  AND  STORES. 


Xarly .  attempts  to  convert  8.B.  into  Rifled  Guns. — Polliscr  method  preferred 
and  adopted  in  1863. — Nature  of  S.B.  pieces  converted. — Mode  of  conTersloii« 
taking  the  8-inch  S.B.  as  an  example. — Boring  out  the  S.B.  piece. — Manufactnre 
of  wrought  iron  harrel. — A  tuhe,  B  tube,  gas  escape,  how  formed. — Insertion  of 
barrel  into  casing. — Securing  the  same  in  its  place. — Completion  of  gun. — Rifling 
with  plain  groove. — Ventiiir,  different  from  that  of  built  np  guns. — Operation  of 
venting. — Proof  and  examination. — H-pr.  of  58  cwts.  converted. — Conversion  of 
68-pr.  S.B.  into  ff-pr.  R.M.L.  of  5  tons.— Stirlitliiff  of  oonverteil  Cliftiw« — ^The 
two  heavier  natures  side  sighted. — Wood  scales  used.—  Fittings  and  small  stores. 
— ^Brackets  for  side  and  centre  fore  sights. 


Conversion  of 
S.B.  into 
rifled  guns. 


Early 
experimento. 


Palliser's 
system. 


NatorcB  of 
S.B.  pieces 
converted. 


Conversion  of  S.B.  into  Rifled  Guns. 

When  rifled  guns  came  into  use  there  existed  in  the  armament  of  all 
nations  a  number  of  S.B.  cast  iron  guns,  and,  for  the  sake  of  economy, 
it  was  attempted  to  turn  them  into  rifled  pieces.  The  material,  how- 
ever, was  found  too  weak  of  itself,  and  different  modes  of  strengthening 
the  guns  were  tried. 

As  early  as  1855  attempts  were  made  to  strengthen  such  guns  by 
encasing  them  in  rear  of  the  trunnions  with  a  wrought  iron  or  other 
jacket,  and  between  that  date  and  1863  various  plans  of  this  and  other 
descriptions  were  tried  unsuccessfully.  In  that  year  Captain  (now 
Colonel  Sir  William)  Palliser  proposed  to  line  cast  iron  guns  with  coiled 
iron  barrels,  fitting  comparatively  loosely  into  the  casing  until  expanded 
by  the  heavy  proof  rounds.  This  method  appeared  to  be  more  promising 
than  any  previously  tried,  and  was  moreover  founded  upon  correct 
principles,  the  stronger  material  being  placed  next  the  charge. 

Several  guns  converted  on  the  Palliser  principle  gave  very  fmr  results 
upon  trial,  and  showed  themselves  more  powerful  pieces  than  the 
smoothbores  from  which  they  were  made.  It  was  consequently  deter- 
mined to  convert  a  large  number  of  S.B.  ordnance  in  this  way,  for 
although  such  pieces  would  be  much  inferior  to  built  up  Woolwich  ord- 
nance, yet  where  the  range  was  limited  and  there  were  no  iron  plates 
to  pierce  they  would  prove  useful. 

The  O.S.C  proposed  several  natures  for  conversion,  but  it  was  finally 
decided  that  only  the  following  natures  of  S.B.  guns  should  be  converted. 
They  are,  as  will  be  seen,  those  of  the  newest  and  best  construction 
amongst  SJB.  cast  iron  guns,  viz. : 

68-pr.  of  95  cwts.,  S.B.,  into  80-pr.  R.M,L.,  of  5  tons. 

8-inch  of  65        »         »  I  «j.  ^i      ,* 

(throwing  50  lb.  shell)  /    "     ^^"P^"  "         '  ^  ^^^• 

32-pr.  of  58  cwts.,  S.B.        „    64-pr.         „        58     „ 
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The  mode  of  conversion  consists  in  boring  out  the  old  gnn  and      CHAP.  X. 
making  a  wrought  iron  tube  to  fit  the  casing  thus  prepared ;  this  tube  -— 

is  slightly  snudler  than  tho  bore  of  the  casing,  and  is  pushed  into  it  ^^^  ^f 
without  much  force  being  necessary.*  When  fitted  into  its  place  it  is 
secured  there  by  means  of  a  cast  iron  collar  screwed  into  the  muzzle 
end  of  the  casing  over  a  shoulder  on  the  end  of  the  tube ;  a  wrought 
iron  plug  is  also  screwed  through  the  casing  underneath  and  into  the 
barrel,  preventing  any  chance  of  the  latter  shifting  round. 

The  principles  of  conversion  are  identical  in  all  cases,  though  the 
dimensions  differ  somewhat ;  we  will  therefore  describe  in  detail  the 
conversion  of  an  8-inch  gun. 

Conversion  S-inck  S.B,  of  65  cwt.  of  into  64-/>r.,  71  cwt 

The  cast  iron  gun  is  rough,  second  and  finished  bored  to  10"  •  5  diameter, 
gauged,  and  horseshoe  gauges  prepared  for  tumiug   the  A  tube.     A 
variation  of  +  0"  *  1  is  allowed  in  the  diameter  of  the  bore  of  the  cast 
iron  casing,  but  should  there  be  any  difference  in  the  diameter  at  one  §1752. 
part  or  another  it  must  result  in  a  taper  from  muzzle  to  breech.     The  _ 
play  between  the  tube  and  the  casing  is  not  allowed  to  exceed  0"'007      *  *^*®'  *"*° 
for  a  length  of  24"  from  the  breech  end,  and  0"*015  for  the  remainder 
of  the  length. 

The  muzzle  is  recessed  and  threaded  for  the  cast  iron  collar  (the  use 
of  which  is  to  keep  the  tube  in  position),  and  the  gas  channel  is  bored 
through  the  breech.  This  is  under  the  cascable  in  the  first  212  guns 
converted  at  Elswick,  and  in  all  the  others  is  to  the  right  top  of  the 
cascable  so  as  to  be  clear  of  the  breeching  rope. 

The  coils  for  the  tube  are  made  entirely  of  departmental  bar  iron  -^  tube  of 
specially  prepared  by  being  put  three  times  through  the  roughing  rolls,  ^"^"^^ght  iron. 
The  tube  is  formed  of  five  coils  united  together  in  the  usual  manner, 
and  is  rough  and  fine  bored  to  6" '238  diameter,  and  the  recess  in  the 
breech  cut  and  tapped  for  the  wrought  iron  cup.  The  cup  for  closing 
the  breech  end  of  the  barrel  is  forged  and  stamped  into  shape  under  a 
steam  hammer  It  is  turned  inside  and  out  and  a  screw  cut  on  the  exterior 
with  a  thread  of  five  to  the  inch.     It  is  then  screwed  tightly  home. 

The  tube  in  this  state  is  proved  with  water  pressure  of  120  lbs.  on  the 
square  inch  to  ascertain  that  the  cup  fits  tightly  and  that  there  is  no 
l^ikage..  The  breech  end  of  the  A  tube  is  then  turned  over  a  length  of 
32"  for  the  B  tube  f  previously  bored,  and  a  spiral  gas  channel  0"*05  Gas  channel, 
deep  and  0"*1  wide  is  cut  round  its  exterior  communicating  with  the 
star  grooves  cut  in  the  end  of  the  barrel,  and  the  gas  escape  through 
the  cast-iron  breech. 

The  B  tube  consists  of  two  coils  imited,  and  being  rough  turned  to  B  tube. 
10"  •  75  and  finished  bored  to  8",  it  is  shrunk  on  with  0"  *  003  shrinkage 
in  the  diameter.  The  tube  is  made  double  at  this  part  in  order  that  the 
gas  may  escape  through  the  gas  channel  without  bursting  the  gun  in 
the  event  of  the  inner  layer  splitting.J  The  whole  tube  is  then  rough 
turned  and  the  bore  broached  to  6"  •  29  and  examined,  after  which  the 


*  After  proof,  however,  the  barrel  being  permanently  expanded,  fits  tightly 
against  the  interior  of  the  casing.  This  is  clearly  shown  when  it  is  attempted  to 
force  cat  of  its  casing  a  tube  condemned  at  proof,  which  is  done  by  hydraulic  pressure 
applied  firom  breech  end. 

f  This  mast  not  be  confounded  with  the  **  B  tube  *'  of  a  wrought  iron  gun  which 
foims  tho  chase,  while  in  converted  guns  it  goes  over  the  breech  end  of  the  A  tube. 

X  The  permanent  expansion  of  the  bore  caused  by  firing  heavy  proof  rounds  brings 
it  up  to  the  proper  calibre  of  6*8". 
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Puttiiigthe 
gun  together. 


Cast  iron 
collar. 


Wroo^t  iron 
pin. 


§  1752. 


Plain  grooTe. 


Venting. 


exterior  is  fine  turned  to  fit  the  cast  iron  casing  with  the  requisite 
amount  of  play. 

The  tuhe  is  now  fitted  into  the  casing,  the  greatest  care  being  taken 
that  the  breech  end  bears  fairlj  against  the  cast  iron  ;  the  carved  part  of 
the  end  of  the  barrel  is  described  with  a  longer  radius  than  the  corre- 
sponding curve  in  the  cast  iron  so  as  not  to  be  in  contact  with  it  at  that 
part.  The  space  thus  left  between  the  two  prevents  the  tube  acting  as 
a  wedge  to  split  open  the  east  iron.  When  the  tube  is  properly  adjusted 
a  cast  iron  collar  is  securely  screwed  into  the  muzzle  end  of  the  casing 
and  over  a  [?houlder  of  the  tube. 

A  hole  1"*25  in  diameter  is  drilled  through  the  cast  iron,  and  a  short 
distance  into  the  tube  at  29"  from  the  trunnions  under  the  chase,  and, 
being  tapped,  a  wrought  iron  pin  is  screwed  in  to  prevent  the  tube  from 
shifting  round. 

The  muzzle  of  the  gun  is  then  cut  and  faced,  and  the  bore  lapped 
and  rifled. 

64 
_         M,L,  Converted  Gun,  of  71  cwts.  L.S,  and  S,S. 

8-mch  "^ 


The  gun  is  rifled  in  the  same  machine,  and  in  a  similar  manner  to 
other  R.M.L.  guns,  but  the  groove  is  the  plain  groove  of  section  below, 
as  mentioned  at  p.  48. 


Rifling.    Scale  -^th. 


WyUNO,AMUMIPOim  TWIST  on  TBKII  IM  'W  OAUBRgB. 


Venting. 

Tlio  vent  patch  is  i-emoved,  as  it  would  interfere  with  the  lanyard 
when  used  through  the  guide  plate  on  S.S.,  and  the  old  I'ont  dosed  with 
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a  wrought  iron  screw  plug,  a  aew  vent  being  drilled  a  little  from  the 
breech  end.  This  is  ba^ed  permanent!}'  before  pi'oof  with  a  "  through 
vent "  (seven  threads  to  the  inch)  of  hardened  copper  screwed  through 
the  barrel  ioto  the  breech  cup,  aad  perpendicular  to  the  surface  of  the 
cup,  i.e.,  at  an  angle  of  12°  25'  to  the  vertical.*  The  lower  thread  of 
the  Bci'ew  in  the  gun  is  cut  away  and  the  end  of  the  vent  is  set  up 
into  the  recess  thus  fomied.'l' 


Converted  MX.  Gunb,  Ventinu.     Scale  J. 


The  procpps  of  ven  ^  follows  (vide  Plate  on  next  page  for 

tools  mentioned) : — J 

The  thread  of  the  t  luah  is  turned  off  for  a  length  of  about 

^  inch,  and  tlie  bush  is  then  si?iewe<!  in  by  hand  by  means  of  a  lever 
■wrench.     To  in.sure  that  only  the  required  amount  projocts  into  the 
bore,  an  "  adjustiuff  block  "  is  paste<l  into  the  chamber.     This  is  an  iron  A  Gang^  tor 
block  attached  to  an  iron  bar,  and  having  a  portion  slotted  away  of  the  capper  vent, 
depth  sufficient  for  projecting  part  of  the  bush  to  fit  into ;  the  bar  is  * , 
kept  in  centre  of  the  bore  by  meiLns  of  two  wood  discs. 

When  the  end  of  the  liush  comes  in  contact  with  the  bottom  of  the 
slot  on  the  "  adjusting  block,"  the  oporntion  of  sci'cwing  is  discontinued, 
and  the  projecting  copper  "  upsci"  into  the  recess  as  follows. 

A  split  hcai:!  or  "  iipsetliitg  blork  "  of  wrouglit  iron,  fitting  the  shape 
of  the  chamber,  is  pushed   up  into  tlic  latter  by  moans  of  an  iron  B'  and  B*. 
"  extracting  rod  "  into  that  pail  of  the  block  immediately  under  the  q_ 
copper  bush  a  piece  ot  haivl  steel  is  dovctiiiled.     An  iron  tiAe,  the 
inner  end  of  which  fits  over  tiic  "  upsetting  block  "  is  next  passed  up  D. 
the  bore,  and  thi'otigh  this  guiding  tube  is  passed  a  solid  iron  wedge, 
which  being  foi-ccil  into  the  "  split  head  "  or  "  upsetting  block  "  presses  '•■ 
out  the  sides  of  the  latter,  and  so  sets  up  the  copper  into  the  recess  in ' 
the  cup.    The  wedge  is  at  one  <'iid  of  a  stout  iron  bar,  the  outer  end 
of  which  is  struck  by  a  ''  lamihoj  "  work(;d  by  two  or  three  men,  as  a 
considerable  amount  of  |K>wcr  is  required  foi-  tlie  setting  up   of  the  H. 
hardened  copper  bush. 

•  With  SJ-pr.  and  JJ-pr.  thu  boli:  used  for  (he  uld  Tcut  hush  ii  used  tor  venling, 
and  the  ventu  are  tliprcFore  iDcllncd  at  the  same  utigle  (from  9^°  to  10°}  as  b  the 
8-B.  gujit  from  vhlcb  thef  vicic  coDvertcd. 

t  TbeDnit  207  guns  cooverlcd  at  KUwick  bad  a  vcut  bush  1"  diameter,  12  threads 
to  the  inch,  but  vhen  the/  ri'quire  tc-ventin^  it  will  be  with  the  Bervice  bush. 

X  A  list  of  the  special  tools  required  for  this  operutiun  and  that  of  re-ventin);  it 
riven  Ht  p.  31T,  Chupfer  XII.  At  present  Huch  sets  of  speeial  tools  have  only  been 
lasued  to  Fortamouth,  Klalta,  Hong  Kong,  and  Esquimault,  and  also  to  the  Flagship 
of  onr  Mediterranean  Squadron. 
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E. 
F. 

G. 


Proof  and 
examination. 

Fire-proof. 


Waterproof. 


To  keep  the  bar  to  which  the  wedge  is  attached  in  the  centre  of  the 
bore  it  passes  through  a  ^'  wood  collar ^^  and  also  through  the  centre  of 
a  *^  cross  bar  "  in  front  of  the  muzzle,  which  is  retained  in  position  by  a 
frame  consisting  of  two  rods  with  loops  fitting  over  the  trunnions  and 
secured  by  nuts  and  screws  to  the  ends  of  the  collar. 

When  the  copper  is  sufficiently  **  set  up,"  the  bars  are  loosed  from 
the  collar  and  the  latter  removed.  The  wedge  and  guiding  tube  are 
then  withdrawn  and  the  upsetting  block  removed  by  the  extracting  rod, 
after  which  a  gutta-percha  impression  is  taken  of  the  bottom  of  the  vent 
to  ascertain  if  the  operation  has  been  performed  completely ;  in  that 
case  the  copper  should  still  project  into  the  bore  for  about  0*05  inch. 

Proof  and  Examinatimi. 

These  guns  are  proved  like  other  ILM.L.  ordnance  with  two  rounds, 
1^  service  charge  and  service  projectile,  and  the  expansion  caused  by 
proof  must  not  exceed  certain  limits.  No  part  of  the  bore  before  proof  is 
allowed  to  be  more  than  0"-02  under  the  gauge  (6" '29)  nor  0"'04  over 
that  gauge  after  proof.  After  proof  the  guns  are  gauged,  examined 
with  gutta-percha,  and  again  tested  with  water  pressure  of  120  lbs.  on 
the  square  inch  to  see  that  the  breech  is  still  perrectly  tight. 

Owing  to  the  defects  inherent  to  wrought  iron  as  a  material  for  the 
inner  barrel  of  a  gun,  converted  guns  not  unfrequently  fail  at  proof, 
generally  speaking  through  defects  in  the  wrought  iron  cup  which 
closes  the  end  of  the  breech,  though  sometimes  the  tube  itself  splits. 

Should  a  tube  fail  it  is  forced  out  of  the  casing  by  hydraulic  pressure 
applied  to  the  breech  end  ;  the  nozzle  of  the  hydraulic  apparatus 
being  passed  through  the  gas  escape  channel,  which  is  enlarged  for  this 
purpose. 

K  the  gun  pass  proof,  however,  it  has  now  to  be  lined*  and  sighted. 

These  operations  are  performed  as  in  the  case  of  other  B.M.L.  guns 
(vide  pp.  186-7),  except  that  the  sockets  for  the  fore  sights  are  not  fitted 
into  holes  bored  in  the  metal  of  the  gun  but  into  gun  metal  brackets 
which  are  themselves  secured  to  the  piece  by  two  screws. 

64 

~-/w.  R,M.L.  Gun  L.S.y  qf5S  cwts. 

The  method  of  conversion  of  these  guns  is  identical  with  that  just  §  2066. 
described.    They  are,  however,  only  sighted  centrally. 

They  are  vented  in  the  original  position,  and  those  guns  which  had  Venting, 
six  thread  bushes  as  S.B.  pieces  are  re-vented  with  bushes  of  the  same 
thread,  this  divergence  from  the  pattern  being  stamped  on  the  vent  field 

The  vent  patch  is  not  removed,  these  guns  being  intended  for  L.S. 
only. 

Scale  ^-^^nd. 


Wrought  iron 
cap. 

Remoyiuga 
tabe  from  its 
casing. 

Lining  and 
sighting. 


*  The  vertioal  line  on  moszle  is  extended  over  the  cast  iron  casing,  so  as  to  show 
any  shifting  of  the  tube. 


Sitting. 
TentiDg. 
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^-pr.  R.M.L.  Gum  L.S.,  of  5  ton*. 

The  conversion  of  the§e  guns  is  identical  with  thftt  of  the  64>pr.  of 
58  cwU,,  but  the  rifling  is  on  the  "  Woolwich  "  system,  the  width  of 
the  groove  being  1-3"  and  depthO- 145". 

They  are  tide-sighted,  and  have  drop  trunnion  sights  and  sockets 
fitted  to  the  gun  by  gun  metal  brackets  similar  to  tboee  of  the  7I-cwt 
G4-pr. 

They  ai-e  vented  the  same  as  the  58<cwt.  gun,  and  guua  having  uz 
thread  bushes  are  re-bushed  with  the  same. 

They  are  for  L.S.  only. 

Scale  ^d. 


i;i^2"*' 


Siffhts. 

As  already  mentioned,  the  64-pr.  of  58  cwte.  has  only  two  eights,  a 
centre  hind  sight  and  drop  trunnion  eight,  while  the  64-pr.  of  71  cwts. 
and  the  80-pr.  of  5  tons  have  two  hind  sights  and  two  fore  sights,  u 
shown  below. 

The  tangent  sights  used  for  the  SO^r.  and  64-pr.  of  71  cwts.  arc 
similar  to  those  described  for  other  R.M.L.  pieces  of  5  tons  and  upwards, 
p.  190,  while  the  64-pr.  of  58  cwts.  has  a  centre  hind  sight  similar  to 
the  centre  hind  sights  of  the  built  up  R.M.L.  64-pr.  of  64  cwts. 

They  are  all  set  at  an  angle  of  2  16'  to  make  up  for  permanent  de- 
flection, aud  are  graduated  as  shown  in  Table,  p.  219. 

Sighting  64-pr.  of  58  cwts. 

SiODTiKa.    Scale  ^th. 


CONVERTED   GUNS,   HANUFACTUBB,   ETC. 

Sighting  of  64-pr.  of  71  cwts.  and  80-pr.  of  5  tons. 
SiORtiKG.    Scale  -^th. 


Wood  Side  Scale.    Scale  ^th. 


Small  storet  andJUtings. 
I  fbllowing  are  the  stores  belonging  to  these  guns  as  mentioned 
de,  p.  232. 

Bearers,  ihot  or  shell. 
the  80-pr.  gnna  only. 
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CHAP.  X.  Brackets,  right  and  left  hand. 

These  are  of  gun  metal  and  attached  to  cast  iron  casing  of  the  gun 
§§  1752,  2066,  \)j  ly^Q  screws,  and  contain  the  socket  for  the  drop  trunnion  sights. 
^^^^  To  bore  holes  in  the  cast  iron  casing  for  these  sockets  would  weaken  it 

too  much.  They  are  for  the  80-pr.  5  tons  and  64-pr.  71  cwts.,  and  must 
be  removed  when  the  gun  is  required  for  transport. 

Bracket,  centre  fore  sight, 
§  2066.  This  is  similar  to  the  above  bracket,  but  only  for  the  64-pr.  58  cwt 

for  its  centre  fore  drop  sight,  and  attached  to  the  second  reinforce  by  two 
screws.    It  must  be  removed  when  the  gun  is  required  for  transport. 

Clumps,  moveable,  far  tangent  sight, 
%%  1 144, 1357.      Are  of  gun  metal  and  are  for  the  80-pr.  5  tons,  and  64-pr.  of  71  cwt.,  see 

p.  140. 

Guide  plates, 

§  688.  Are  of  steel,  attached  to  the  right  rear  of  the  vent,  and  the  pattern  is 

universal  for  all  S.S.  guns,  see  p.  209.  The  80-pr.  5  tons,  and  64-pr8. 
of  71  and  58  cwts.  are  prepared  for  the  reception  of  this  fitting  in  the 
event  of  the  guns  being  required  for  S.S. 

PifiSf  iron,  friction  ttibe, 
§  1141.  This  is  attached  to  the  left  front  of  the  vent,  and  is  of  wrought  iron 

case  hardened,  and  the  pattern  is  universal  for  all  S.S.  guns.  For 
further  remarks  see  heading  above. 

Pricker,  priming  iron, 

§  1212.  17  inches  long  and  serve  to  prick  the  cartridge.    All  the  converted 

guns  use  it. 

Scales,  wood,  side, 
§  1752.  Is  a  g.s,  gtore  for  the  64-pr.  71  cwt.,  and  the  pattern  is  identical  with 

that  used  by  S.S.  smoothbore  guns,  see  p.  70. 

Screws,  fixing. 
See  Brackets  and  Sockets. 

Screws,  preserving. 

These  fill  up  the  holes  occupied  by  the  brackets  for  the  sights  when 
the  guns  arc  dismounted,  and  also  the  holes  for  the  friction  tube  pin  and 
guide  plate  when  the  piece  is  in  use  by  the  L.S. 

Sights, 

Centre,  fore,  of  the  drop  pattern  64-pr.  58  cwt.  is  similar  to  that  used 
by  the  64-pr.  wrought  iron  guns,  vide  p.  195. 

Centre,  hind,  hex^onal,  64-pr.  58  cwt.,  same  as  64-pr.  wrought  iron 
guns,  vide  p.  194. 

Tangent,  for  80-pr.  5  tons,  and  64-pr.  71  cwt.  is  the  usual  rectanguUr 
Bteel  bar  with  sliding-leaf  head,  vide  p.  192. 

Trunnion,  drop,  80-pr.  5  tons,  and  64-pr.  71  cwt.,  they  are  of  the 
usual  pattern,  that  for  the  64-pr.  71  cwt.  being  the  one  also  used  by  the 
wrought  iron  64-pr. 

Sockets^  metal, 
§  1*8  J  •  Centre  hind  sight  with  set  screw  for  64-pr.  58  cwt.  and  let  into  a  hole 

being  fixed  by  a  screw.     It  must  be  removed  when  the  gun  is  required 
for  transport. 

Wrench,  pin,  friction  tube, 
§  1218.  This  wrench  for  the  converted  guns  is  required  to  screw  or  unscrew 

the  friction  tube  pin,  guide  plate,  and  the  fixing  and  preserving  screws. 
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CHAPTER  XI. 


RIFLED  M.L.  ORDNANCE  IN  THE  SERVICE,     chap^xi. 
AND  REMARKS  UPON  THE  SAME. 


IMfltorent  Classes  of  SJIK.&.  Ordnance.— Mountain  or  Boat,  Field,  Siege 
Medium,  and  Heavy. — Grencral  remarks  as  to  emplojment. — ^Marks  or  patterns. 
— Gas  eseapes. — ^E^Lterior  form. — Mountain  or  Boat  Ouns. — 7-pr.  of  five 
different  patterns.— -Vield  Onns. — Four  natures  of  9-pr8.,  16-pr.  guns. — Sieve 
Vleoes. — Light  and  Heavy  6 '3-inch  and  8-inch  howitzers,  25-pr.,  40-pr.,  and 
64-pr.  guns  of  latest  pattern. — Medinm  Ouns. — Converted  and  other  64-pr  and 
80-pr.  guns. — 7-inch  of  90  cwts. — Heavy  Ouns. — Different  natures  of,  7-inch, 
8-inch,  and  9-inch  ;  two  pitttems  of  10-inch  and  11 -inch  guns. — 12-inch  guns  of 
25  and  35  tons. — 12* 5-inch  of  38  tons. — 13* 05-inch  gun  practically  obsolete — 
Szperimental  Vieoes. — 16-inch  gun  of  80  tons.— Rifled  howitzers. — 12-pr. 
field  gun. — Table  of  R.ML.  Ordnance,  with  dimensions,  rifling,  &c. 


Classes  of  R,M,L,  Ordtiancc. 

The  general  mode  of  consti'uction  of  the  guns  now  manufactured  R.ML. 
has  been  explained  in  Chapter  VIII.,  and  in  the  following  chapter  will  ordnance. 
be  given  the  details  of  construction  of  all  our  existing  R.M.L.  pieces, 
including  some  natures  which  are  still  in  the  service  but  of  which  no 
more  will  be  manufEUstured.  * 


Our  R.M.L.  ordnance*  may  be  divided  into — 

(1.)  Mountain  or  Boat  Guns. 
7-prg.  of  150  to  224  lbs. 

(2.)  Fielii,  Boat,  or  Field  Marine. 

9-prs.  of  6  or  8  cwts. 
16-pr.  of  12  cwts. 

(3.)  Siege  or  Position, 

25 -pr.  of  18  cwts. 

40-pr8.  of  34  or  35  cwts. 

64-pr.  (Mark  III.  with  steel  tube)  of  64  cwts. 

6' 3-inch  howitzer  of  18  cwts. 

8      „  „  46 


Classification. 

Mountain  or 
boat. 


Field,  boat,  or 
field  marine. 


Sie^or 
position. 


j> 


» 


>> 


Vide  table,  p.  292,  for  list  with  dimensions. 


Q  2 
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Medium. 


Heavy. 


Nomenclature. 


§§  899, 1081. 


Siege  ordnance. 
Boat  or  field 
marine. 

Boat  or 
mountain. 


Patterns  of 
li^ni. 


(4.)  Medium, 

64-pr.  built  up  (except  Mark  III.  with  steel  tube) 

of  64  cwts. 
64-pr.  con  veiled  of  58  cwts. 
80-pr.  „  5  tons. 

7-inch  of  90  cwts. 

(5.)  Heavy. 

7-inch  of  6^  and  7  tons. 


8 

» 

9  tons. 

9 

12  „ 

10 

18  „ 

11 

26  „ 

12 

25  and  35  tons. 

12-5 

38  tons. 

16 

80  „ 

General  Remarks. 

Before  entering  into  the  details  of  the  various  natures  it  may  be  well 
to  make  some  general  remarks  as  to  R.M.L.  service  ordnance. 

(1.)  As  to  Use. — All  heavy  guns,  except  the  7-inch  of  7  tons  and  the 

8-inch,  which  are  L.S.  and  S.S.  guns  only,  are  used  for  L.S.  and  S.S. 

64 
For  S.S.  we  have  also  the  7-inch  of  90  cwts.  and*  --: — -  converted 

8-incn 

gun,  as  well  as  the  64-pr.  built  up  guns,  except  such  as  are  appro- 
priated for  siege  purposes. 

The  pQ-pr.  5  tons,  and  ^^"P^'  58-cwt.  converted  guns  are  meant  for 

L.S.  only. 

All  the  siege  pieces  or  guns  of  position  are  L.S.  Where  guns  of  that 
size  would  be  employed  for  S.S.  as  deck  guns  or  otherwise,  20-pr.  and 
40-pr,  R.B.L.  are  generally  used. 

For  field  marine,  or  heavy  boat  service  we  have  two  9-prs.  of  6  cwts. 
and  8  cwts.  respectively,!  while  the  16-pr.  is  for  L.S.  alone,  as  is  the 
9-pr.  of  6  cwts.  L.S. 

For  boat  or  mountain  service  we  have  the  small  7-pr.  guns,  which 
ai*e  L.S.  and  S.S. 

(2.)  Marks  or  Patterns  of  Guns. — As  explained  at  pp.  167-168,  all 
built  up  Woolwich  guns  below  the  9-inch  are  now  made  on  the  Fraser 
construction,  with  one  layer  of  metal  over  the  breech  end  in  the  shape 
of  the  jacket,  the  reduced  7-inch  of  90  cwts.  alone  excepted  (vide  p.  174). 
The  different  marks  of  such  guns,  therefore,  only  differ  in  the  mano^ 
in  which  the  B  layer  of  metal  is  put  on,  as  in  the  40-pr.,  or  in  length 
or  other  dimensions,  as  in  the  9-pr. 

In  the  case  of  the  heavier  guns,  however,  where  there  is  more  than 
one  construction  on  which  the  guns  were  formerly  manu&ctured,  the 
foUoAving  table  may  be  useful,  as  it  shows  in  a  condensed  form  the  various 
patterns  of  guns  in  use.  All  these  guns,  it  will  be  seen,  are  now  made 
on  the  Fraser  principle,  with  either  one  or  two  layers  of  iron  over  the 
steel  tube. 


64 


•  The  J-: — r  of  71  CTvt.  is  also  used  for  L.S.  for  certain  land  front. 
t  Many  of  these  have  been  altered  from  the  L.S.  Mark  I.  9-pr.  of  cwts. 
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TABLE  XXVIII. 

Table  showing  the  Construction  of  the  Various  Marks   of 
BUILT  UP  M.L.  Guns,  64-pr8.  and  upwards. § 


CHAP.  XI. 


Nature. 

Original 
Construc- 
tion, 
pp.  30, 92. 

Fraser 
Modifi- 
cation with 
Forged 

Fraser 

Modifi. 

cation  with 

Fraser 
Modifi- 
cation with 
Two 
liayers, 
pp.  31,93. 

Remarks. 

Breech- 
piece, 
pp.  31, 93. 

One  Layer, 
pp.  31, 93. 

Mark. 

Mark. 

Mark. 

Mark. 

64-pr.,  64  cwt. 

I-ll 

II.II 

m.*tir 

— 

7-inch,  90  cwt. 

I. 

— 

♦  These 

7-inch,  6^  or  7  tons    - 

i.n 

II.I 

iii.*ir 

— 

are  now  the 

8     „        9  tons 

i-ii 

ii.i 

ni.»iF 

service  pat- 

9   „       12    „ 

i-ii 

ii.li 

iii.f 

IV..  v.n 

terns  for  fu- 

10 „       18    „ 

— 

Lt 

ii.*f 

ture  manu- 

11 „      25    „ 

— 

— 

Lf     • 

ii.*f 

facture. 

12  „       25    „ 

i.f 

— 

-t 

n.*f 

II  Iron  tubes. 

12-inch,  35  tons 

— 

i.*t 

f  Steel 

12  M       38    „ 

— 

— 

—        1 

L*f 

tubes. 

16  „       80     „ 

— 

• 

^~*        1 

Lf 

(3.)    Gcu  escapes. — As    a    precaution  against  accident  in  case   the  Gas  escapes, 
inner  tube  should  split,  most  R.M.L.  guns  are  furnished  with  gas  escapes, 
ue.f  with  a  channel  through  which^  should  the  inner  barrel  crack,  the 
gas  will  escape  and  give  warning  that  firing  should  be  stopped. 

All  guns  having  cascable  screws,  i.e.,  the  R.M.L.  howitzers  as  well 
as  the  40-pr.  guns  and  upwai'ds,  have  gas  escapes,  except  Mark  1. 64-pr. 
wrought  iron  guns,  whicii  have  none,  being  manufactured  before  their 
introduction  ;  but  any  of  these  latter  guns  that  may  require  re- tubing 
would  of  course  be  furnished  with  such  an  escape. 

The  converted  guns  are  also  fui*nished  with  gas  escapes,  as  explained 
in  Chapter  X.,  p.  237. 

In  the  25-pr.  and  downwards  no  such  escape  exists,  as  in  these  pieces 
the  steel  tube  projects  beyond  the  breech  end  of  the  jacket. 

To  form  the  gas  escape  in  the  built  up  guns,  40-pr.  and  upwards,  a 
part  of  the  thread  of  cascable  screw  is  turned  off,  so  that  when  the 
cascable  is  home  against  the  end  of  steel  tube  an  annular  space  is  left ; 
this  is  made  to  communicate  with  the  outside  of  the  gun  by  means  of  a 
channel  cut  through  the  cascable  itself  or  through  the  metal  of  the  gun, 
80  that  in  the  event  of  the  tube  splitting  in  the  vicinity  of  the  chamber 
the  gas  escaping  through  the  channel  would  indicate  the  fact  to  the 
detachment  at  the  gun,  when  firing  should  immediately  cease. 

With  7,  8,  9,  and  12-inch  guns  Mark  I.,  which  have  a  forged  breech-  In  heavy  guns 
piece,  a  hole  0"  •  3  diameter  was  drilled  through  the  breech-piece,  at  ®^  original 
right  angles  to  the  cascable  screw,  so  as  to  meet  the  annular  space  on  ^^^^^^uction. 
the  cascable,  a  groove  also  being  cut  along  the  outer  edge  of  the  breech- 
piece  so  as  to  meet  this  hole.     In  this  pattern  the  gas  escape  comes 
oat  underneath   the  cascable,  between  the  breech-piece  and  the  coil 
overlapping  it. 

f  Those  mannfactnred  after  April  1871  haye  steel  tubes,  former  guns  wrought  iron. 

J.  There  are  two  12-inch  25-ton  guns  on  this  construction  similar  to  Mark  I.  ll-iuch, 
hot  they  do  not  constitute  a  separate  pattern,  being  known  by  their  Nos.  (20  and  21). 

§  Guns  marked  F.  or  F.I.  are  of  Mark  II.  construction. 
^         „         F.X1.  t*  ±xL, 

64^.giiiis   „ 


9» 


B. 
D. 


n. 
III. 


It 
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CHAP.  XI.        I^  Other  marks  the  channel  is  cut  along  the  cascable  screw  and  comes 

out  at  the  right  side  of  the  cascable. 

Exterior  form.       (4.)  Exterior  Farm. — It  is  convenient  sometimes  to  know  at  a  glance 

the  nature  and  pattern  of  a  gun.  As  to  howitzers  and  the  smaller  guns, 
no  remarks  are  required,  but  the  following  may  be  useful  in  the  case  of 
the  heavier  natures,  of  which  there  are  several  marks  or  patterns  : — 

«  ,^^^  Exterior  Farm. 

§  1335. 


Original 
oonstmction, 
breech 
rounded  off. 


Breech  rounded, 

Kark  I.  64<-pr.y  7-inchy  8-inch^  and  9-inch« — ^Are  rounded 
off  at  the  breech,  because  at  the  time  of  their  introduction  the  breeching 
rope  was  used  through  the  breeching  loop,  which  was  provided  with  a 
moveable  block  and  pin,  and  consequently  this  shape  of  breech  was 
adopted  to  save  the  rope  from  wear.  They  have  also  several  steps  in 
front  of  the  trunnions. 

Kark  I.  12-inch  and  13*4nch  are  stepped  at  the  breech. 

Kark  II.  64-pr.9  T-inch^  S-indiy  and  9-inch. — ^The  curve  at 
the  breech  is  broken  by  the  breech-piece  which  forms  a  step ;  the 
breeching  rope  being  carried  through  the  carriage,  the  moveable  block 
in  the  breeching  loop  w<  s  abolished,  and  the  thin  edges  of  the  layers 
of  coil  caused  by  the  rounded  outline  was  considered  objectionable 
owing  to  the  liability  of  the  edges  setting  up.  This  and  all  future 
patterns  have  but  two  steps  in  front  of  the  trunnions. 


Breech  cut  in  Steps. 
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ICark  III.  64-pr«9  T-tnch^  S-inch,  and  9-inchy  and  Mark  I. 
lO-inoh  and  ll-toch« — ^Having  but  one  layer  at  the  breech  it 
rounded  off. 


CHAl*.  XI. 


IS 


ICarks  IV.  and  V.  Q-inch^  and  Mark  II.  lO-inch,  ll-inchy 
and  12*4nch9   Mark  I.   12'5-incli9  Mark  I.   16-inch. — ^As  a 

rounded  outline  in  this  pattern  would  introduce  the  objectionable  thin 
edge,  the  breech  is  cut  in  steps,  corresponding  to  the  layers  of  coils. 


Fraser  modifi* 
catioD,  with 
one  layer. 

Fraser  modifi- 
cation, with 
two  layers. 


(5.)  Steel  Tubes. — The  maximum  thickness  of  these  inner  barrels  Steel  tubes, 
varies  from  about  0*25  of  a  calibre  in  the  larger  guns  to  0*33  of  a 
calibre  in  the  smaller  pieces.  This  greatest  thickness  is  naturally  given 
at  the  breech  end  over  the  powder  chamber,  except  in  some  of  the  field 
pieces  where  the  barrel  is  not  supported  towards  the  muzzle  by  any  coil 
shrunk  on,  and  in  which  the  tube  is  consequently  thicker  in  the  chase 
than  at  the  breech  end. 

The  thickness  of  the  tube  is  not  uniform  in  the  heaviest  guns  of 
lates^  pattern ;  in  all  pieces  above  the  7-inch  gun  (excepting  the 
10-inch  of  18  tons)  it  decreases  towards  the  muzzle,  and  in  the  35-ton, 
38-ton,  and  80-ton  gun  this  is  readily  seen. 

A  thinner  chase  is  quite  strong  enough  to  withstand  the  strain,  which 
decreases  rapidly  towards  the  muzzle. 

Mountain  or  Boat  Guns. 

1-pr.  Rifled  M,L,  Guns. 

There  are  seven  patterns  of  this  gun  in  the  service,  three  of  bronze  7-pr.  guns, 
and  four  of  steel,  but  the  number  of  any  one  pattern  made  is  very  small, 
with  the  exception  of  Mark  III.  and  IV.,  steel,  of  which  many  have  been 
made. 

The  rifling  of  the  whole  of  these  guns  (both  bronze  and  steel)  is 
identical,  and  they  fire  the  same  ammunition. 


Bronse.    Mark  I.    Weighty  224  lbs. 

CaUbre,  3''. 

Scale  1  inch  =  I  foot 


7-pr.  bronze, 
Mark  I. 


I 


j«...... ...|5  — 


17- 


■\ 


'4ar«« 


RiFLiNO.    Scale  3  inches  «=  i  foot. 


V 


.^..3— — X. 


LBNCTH  OP    RIFLINC 


~^  n 


LCNOTH  OF   BORE    S4-if  • 


250 


RMX.   GUNS   IN   THE   SERVICB. 


CHAP.  XI.        In  1865  some  mountain  guns  were  required  on  an  emergency  bj 

the  Indian  Government  to  accompany  the  expedition  to  Bhootan,  and 

§  1146.  2Q  gi^^j  guns  were  demanded  by  the  late  Ordnance  Select  Committee, 

O.S.C.  Pro-  five  of  190  lbs.  weight  and  five  of  150  lbs.  As  these  guns  could  not, 
ceedings,  1865,  however,  be  supplied  in  time  for  Bhootan,  six  bronze  3-pr.  S.B.  guns 
8oi^\md  me  ^^  ^i  ^^'  ^^^""^  turned  down  to  a  weight  of  224  lbs.,  bored  to  3",  and 
p.  238.  '  rifled  on  the  French  system  with  a  twist  of  one  turn  in  20  calibres,  this 

rifling  having  been  adopted  after  a  long  series  of  experiments  in  omipe- 
tition  with  the  Shunt  and  Lancaster  (oval)  systems. 

This  gun  was  found  to  be  too  heavy  for  the  mules  in  India,  and  a  gon 
of  200  lbs.  weight  was  asked  for. 

In  order  therefore  to  utilize  the  existing  stock  of  bronze  S-prs.,  a  gun 
was  reduced  to  the  required  weight  and  adopted  in  1866  as  Mark  II. 


7  pr.  Bronse.    Mark  II.    Weighty  200  lbs. 

Scale  1  inch=l  foot. 


7-pr.  bronse, 
MarkU. 


•« Sl'ISLENCTH  OFBORr 


• aC^NOMlNAL  LSMCTH ^1 

SioirriNo.    Scale  I  inch«  i  foot. 


ANCLE 


GROOVE  Full  siz 


§  1985.  This  differs  from  Mark  I.  gun  in  having  the  exterior  turned  perfectly 

O.8.C.  Pro-       plain,  and  being  2"  shorter  in  the  bore.     The  swell  of  the  muade  i« 
ceedings,  1866,  removed  and  a  dispart  sight  screwed  on  the  gun. 
p.  107.  ^  pattern  of  this  gun  was  sent  to  India  in  1866  to  govern  manufactui'e, 

and  in  1867  twelve  were  sent  to  Ireland  during  the  Fenian  disturbances. 

In  1870  six  were  sent  to  Canada  for  the  Red  River  Expedition,  and  being 

also  approved  of  for  boat  service,  it  was  then  definitely  adopted  into  the 

service. 

The  form  and  preponderance  of  this  gun  (being  only  a  conversion) 

are  not  satisfactory,  and  experiments  were  carried  out  with  a  view 
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to  the  adoption  of  a  new  bronze  gun  of  betwr  conatruction,  but  intended     CHAP.  XI. 
to  fire  the  same  ammnnitioa  with  n  heavier  charge.     The  gun  recom- 
mended is  shown  at  Plate  I. 

Hark  III.,  bronze. 

On  21/1/73  it  was  ordered  that  no  more  bronze  7-pr.  R.M.L.  were  i-m.  brooM, 
to  be  made.     Only  two  of  this  Mark  III.  pattern  have  been  manu-  Uuk  m. 
fkctnred. 


St«eL    Mark  I.     190  lb«. 

This  was  the  first  Bteel  gun  adopted,  and  five  were  made  in  1865  and    7-pr.  atcel. 
sent  to  Bhootan.      The  pattern  is  obsolete,  and  no   more  are  made,   Mark  L 
bnt  those  already  issued  are  retained  in  the  service  in  India. 


BteeL    Mark  II.     150  lbs. 

This  is  the  piece  commonly  known  as  the  Abyssinian  gun,  twelve  §  \S06. 
having  been  sent  with  that  expedition.     They  were  sighted  on  the  right 
aide  only,  the  taogent  sight  working  in  a  gun  metal  sccket  screwed  to  i^L  jx  ' 
the  breech,  and  the  dispart  siglit  screwed  into  the  side  of  the  muzzle. 

The  csscablc  bad  a  projection  underneath,  which  fitted  into  a  slot  in   Thirteen 
the  elevating  screw.     A  pattern  of  this  gun  was  never  sealed,  and  the  manu&etared. 
gun  was  altered  on  the  experience  gained  in  Abyssinia  into  the  present 
pattern. 

Scale  1 1  ioch  —  1  foot. 
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SiOHmo.    Sctle  l|  inch  —  I  foot 


S  1717. 
MukUL 


SteeL     Mark  m.     ISO  lbs. 

Thia  gun  differe  from  Mark  II.  in  being  centre  sighted  (see  page  194, 
89  the  side  eighta  were  found  to  be  liable  to  injury),  and  alao  in  having 
a  horizontal  hole  bored  through  the  cascable,  through  which  a  rod  can  be 
paseed,  bo  as  to  facilitate  loading  or  unloading,  and  also  to  enable  the 
gun  to  be  readily  carried  by  men  over  country  impassable  for  animals. 
Ij  inch  =  I  foot. 
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Sia^rua.    1\  ioch  ==  I  foot. 


Steel,  Mark  TV.,  300  Ibt.,  L.S.  and  S.S. 

This  wan  was  introduced  iato  tLe  eervice  in  July  1873  ;  it  is  mucli  S  ^^^^■ 
longer  than   Mark  III,,    and  cxtemally  I'esembles   the   bronze,   7-pr.    7-pr.  steel, 
Mark  II,     It  is  made  oat  of  a  solid  block  of  steel,  and  has  no  awoll  at    Mark  IV, 
the  mwaie,  but  a  amall  dispart  patch  into  which  the  fore  sight  screws. 
It  ilifTers  in  this  from  Mark  III,,  and  also  in  having  two  steol  tangent 
BightH,  one  graduated  np  to  6°  and  the  other  up  to  12^. 

The  hole  through  the  cascable  is  here  small,  this  piece  being  inl«nded 
for  mule  carriage  if  employed  for  L.S. 

This  piece  would  be  used  in  the  siege  train  to  take  the  place  of  the 
old  S.B.  bronze  mortars. 
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SCALE   TANGENT     STEEL. 

--je 


ftn 


ANCLC«3T..^^ 


I 
I 
I 
I 
I 


I 
I 
I 
I 
I 
I 


GROOVE      FULL  SIZE 


TWIST    OF    RIFLING.         I   TURN      IN    20  CALIBRES, 


9-pn.  of  four 
nstures. 


Field  Guns. 

9-pr.  BIfled  M.L.  Otms. 

We  have  four  different  natures  of  Q-prs.  in  tho  service  ;  two  for  L.S. 
and  two  for  S.S.     They  all  have  the  same  calibre  and  rifling. 

The  L.S.  are  Q-prs,  of  8  *  cwts.  Mark  I. 

„  „    of  6      „      „  n. 

Those  for  S.  S.  „      of  8*      „        „     II. 
%>  „      of  6        „        ^      I. 


O.S.C.  Pro- 
ceedings, 1866y 
p.  201. 
O.S.C.  Pro- 
ceedingB,lS6S, 
p.  884. 
O.S.C.  Pro- 
ceedings, 1866, 
p.  328 ;  1867, 
p.  71. 


Bronxe  9-pr. 


Withdrawn 
1874. 


It  will  be  seen  that  the  6-cwt.  gun  Mark  I.  is  the  shoilest  of  all.  It 
is  meant  for  boat  service. 

The  8-cwt.  gun  will  be  boat  and  field  marine  ;  and  the  6-cwt.  Mark  U., 
which  has  the  greatest  length  of  bore,  will  be  the  Horse  Artillery  and 
light  field  battery  gun.f 

In  1866  the  late  Ordnance  Select  Committee  suggested  the  adoption 
of  rifled  M.L.  guns  of  a  pattern  equally  suitable  for  field  or  boat  ser- 
vice. The  gun  suggested  for  the  Horse  Artillery  was  a  9-pr.  of  6  cwt, 
and  that  for  field  batteries  a  12-pr.  8  cwt.,  both  having  a  calibre  of  3". 

In  1866-7,  50  of  the  former  and  48  of  the  latter  were  asked  for  bj 
the  navy,  but  it  was  decided,  21/1/67,  ''that  for  the  present  no  altera- 
tion was  to  be  made  in  the  construction  of  rifled  fidd  guns  for  land 
service."  Subsequently  20  12-prs.  and  45  9-prs.  were  manufactured 
for  the  Navy  up  to  the  point  of  rifling  only,  the  system  of  rifling  to  be 
adopted  being  undecided. 

In  1869  a  bronze  9-pr.  gun  of  8  cwts.  was  introduced  for  Indian 
service,  with  the  calibre  rifling,  &c.  of  our  present  9-prs.  Several  bat- 
teries of  these  pieces  were  issued,  but  as  the  material  of  which  they  were 
made  proved  unsatisfactory,  their  manufacture  soon  ceased,  and  they 
have  now  all  been  withdrawn  fix)m  the  service.^ 

Upon  the  recommendation  of  the  committee  of  officei's  who  reported 
in  favour  of  tho  bronze  9-pr.  for  India,  the  whole  of  the  wrought  iron 
and  steel  guns  above  mentioned  were,  in  1870,  completed  as  9-prB.of 


*  L.S.  of  8  cwts.  will  be  all  altered  and  become  S.8.  guns. 

f  For  light  field  batteries  we  shall  soon  have  a  more  powerfliil  piece  now  bdag 
experimented  with. 

{  Vide  'also  p.  80.  A  unmber  of  these  bronze  guns  were  rendered  onsernoeable 
by  ordinary  practice  firing  in  peace  time. 
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6  cwis.  and  8  cwts.,  and  rifled  with  the  same  form  of  gi*oove  as  that 
adopted  for  the  bronze  guns,  so  as  to  fire  the  same  ammunition. 

Since  that  date  all  our  Horse  Artillery  have  been  armed  with  9-prs. 
of  6  cwts.,  and  half  of  the  field  batteries  with  9-pr8.  of  8  ewts.  The 
latter,  however,  are  being  now  altered  for  sea  service,  and  the  field  bat- 
teries having  9-prs.  will  be  equipped  entirely  with  those  of  6  cwts.  for 
the  present,  to  be  superseded  shortly  by  12-pr.  guns. 

The  following  diagrams,  &c.  give  the  details  of  construction  of  the 
9-pre. 


CHAP.  XL 


Xark  I.  8  cwt. 

Scale  I  inch  =  1  foot. 


---h;^ 


!*«•••» 


4l>ft*- 


t 

:?-  9-pr. 
2    Mark  I. 


L.S. 


TS  TOTAi. .  LCNOTH  ■ 


— «•  •rrWCKN  RMCKB  OPSKHTS 


<^:N<-<.^^V».^^oV.^.iS^^N^W:<^ 


A.  TU»g   (TOUCH     KTggl.) 


iAt 


*^ .-.^.j/'  I  -  \ ' ^r^   • 


.  _t> 


•M<5   NOMINAL  1.ENCTH 


Consists  of : — 

A  tube  (toughened  steel). 

Breech  coil,  composed  of  a  single  coil,  trunnion-ring,  and  a  coil 
in  front  of  the  trunnions  welded  together. 

Rifling,  modified  French,  1  turn  in  30  calibres. 
Length  of  bore,  21  calibres. 

These  guns  are  being  altered  to  S.S.  by  turning  off  the  projection  at 
mnaszle  and  providing  the  S.S.  sights  mentioned  at  pp.  193  and  196. 


§2067 


Xark  I.|  B.B.f  6  cwt. 


§2674. 
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-  SB    NOMINAL  LENGTH » -W 

-  e/'     TOTAL    LENGTH. "H 


9-pr. 
MarkL 

8.S. 


BMX.   ODVS   m  THE   SEBTIOE. 


The  6-cwt.  gun,  Mark  I.,  S.S,  is  nsed  by  the  Navj ;  some  of  the 
pattern  have  been  ordered  for  the  Indiao  Naval  Service. 

Its  construction  is  identical  with  thiit  of  the  8-cwt.  gun.  Only  a  small 
number  (45)  of  theec  have  been  made,  as  the  Na»y  prefer  the  9-pr.  of 
8  cwt.  Mark  IT.* 


Hark  11^  8.S.,  8  cwt. 


In  1873  a  pattern  gun  of  8  cwt.,  Mark  II.,  was  sealed  for  S.S. 
the  same  generally  as  the  L.S.  9-pr.  of  8  cwt.,  and  uses  the  same 
munitioQ.  It  ditfcrs  from  the  latter  gun  in  having  no  swell  a 
muzzle,  and  also  in  its  sights,  which  are  adapted  for  sea  service. 


u  that  tbe  fore  ilgbt  of  thit  piece  ii  exceptional.     It  i*  m 
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CHAP.  XI. 
§  2688. 


-28-2S. 


— "^^-H®-! — --si 4? ^$:yU 

:,i  \ S_]  iij— J r4-^- 


"  <BW""  ^*  ^^  ^^  ^"  ^  ^  ^*  ""    *"^^ff"  "  ^  "^  ^  ^  ^  "^  " 


a 4  4  .5 M 


7^-5  TOTAL  LBNQTM-- 


68  sffrnrccM  faccs  or  «/0Mrt ^ 


iireMon  T««Lt 


7/    NOMINAL  LENGTH 


This  9-pr.  B.M.L.  gun  of  6  cwt.,  L.S.,  Mark  II.,  was  introduced  in  9-pr.  Mark  II. 
September  1874.     It  only  differs  from  the  9-pr.  of  8  cwt.,  L.S.,  in  weight,  L.S. 
length,  and  dimensions  generally,  being  of  precisely  similar  construction 
and  usin^  the  same  anununition. 

Its  rising  and  sighting  are  also  similar,  but  the  sights  of  the  two 
pieces  are  not  interchangeable,  as  they  have  different  radii,  and  those  of 
the  lighter  natnres  are  of  smaller  section. 

As  the  muzzle  velocity  of  this  gnn  is  not  much  greater  than  that  of 
the  8-cwt.  gun,  the  yard  scale  corresponds  to  the  same  elevation. 


We  now  come  to  the  heavy  tield  gims  with  which  the  greater  portion 
of  our  field  batteries  are  armed. 

I6'pr.  Rifled  M,L.  Gun  of  12  cwt.     Calibre  3"  6. 

In  1869,  the  Special  Committee  on  Shrapnel  r.  Segment  Shell  stated  :  16-pr.  of 
— **  These  experiments  showed  very  conclusively  the  little  value  there  ^^  ^^^* 
is  in  the  present  12-pr.  ^nd  9-pr.  common  shell  against  earthworks, 
two  having  burst  in  the  parapet  of  a  gun  pit  without  doing  more 
damage  than  the  displacement  of  a  couple  of  spadcsfuil  of  earth  ;"  and 
again  :  '*  of  so  little  value  (common  shell)  either  for  field  purposes  or 
the  attacks  of  entrenchment,  owing  to  the  smallness  of  their  capacity, 
that  the  Committee  recommend  their  withdrawal  from  the  sendee  ;" 
and  thus,  owing  to  the  inefiiciency  of  the  12  and  9-pr.  common  shells, 
they  recommended  *'  the  introduction  of  a  field  howitzer  which  should 
be  a  muzzle-loader  suitable  for  high  angle  firing,  and  capable  of 
throwing  a  common  shell  with  a  large  bursting  charge  like  the 
howit^rs  in  smoothbore  batteries." 

In  1870  this  question  was  referred   to   a  special   Committee,  who   Report  of 
recommended  the  adoption  of  a  rifled  gun  of  about  12  cwt.,  having  a  Experimental 
calibre  betwen  3" '  5  and  3"  •  7.  n^^?T^ft?n 

Two  guns  were  made,  one  with  3" -6  calibre  and  the  other  3"  3,  and  p.341.   ' 
the  former  was  ultimately  adopted  for  the  armament  of  a  portion  of  our 
field  batteries. 

Preponderance  7^  lbs. 


R.H.1^  OUin  IK  THB  SBRTICK. 


SioUTiHo.     1  inch  *  I  loot. 


RtVLIKO.     S  iiich«  -r  ]  fiwt. 


Consists  of : — 

A  tube  (taugheDed  sted). 

Breech  coil,  composed  of  a  eingle  coil,  trannion  ring,  &nd  a  cnl 
in  front  of  the  trunnions  welded  t<^ther. 

The  form  of  groox-e  is  the  "modified  French,"  ae  in  the  9-pr.  gatu, 
Mid  the  twist  1  ia  30  csls. 

This  gnn  is  side-sighted  Mid  has  screw  trunnion  sights,  sod  the  tangent 
ugfats  are  clamped  in  position  by  fixed  copper  set  screws. 


9     « 
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Guns  op  Position  and  Siege  Ordnance. 


CHAP.  XI. 


The  siege  train  will  consist  of  the   following  proportions  to  each  Siege  ordnance, 
section  of  30  pieces.* 

r25-prs.        -  -  10 

f  Light  section   <  40-prs.,  Mark  II.     -  10  Light 

[  6'3-inch  howitzers  -  10 

{40-prs.,  Mark  II.     -  8 

""■'withsteeUnbe}  » 

8-inch  howitzers     -  14 


Heavy. 


26-pr.  Bifled  M.L.  Chm  of  18  cwt.    Mark  Z.    L.8. 

CaUbre  4''. 

This  gun  was  proposed  in  January  1871,  by  the   Superintendent,  §2678. 
B.G.F.,  as  a  light  siege  gun  and  gun  of  position,  intermediate  between  25-pr8.  of 
the  16-pr.  and  40-pr.  18  cwt. 

Its  introduction  was  decided  on  in  April  1874. 

Length  of  bore,  22  calibres. 


37- 


.L-l..i_--^ 18.5 ^ 35- if. 


61 

ss'total  length 


RifiMiQ  A  waroum    twibt  of  I  turn  in  ZS  Calibres 


-7a'LeNorH  of  mrutiQ 


Consists  of : — 

A  tube  (toughened  steel). 
B  coil. 

Breech  coil,  composed  of  a  single  coil,  trunnion  ring,  and  coil  in 
front  of  trunnions  welded  together. 


*  According  to  that  laid  down  in  the  Regulations  for  Equipment  of  the  Anny,187C. 
t  With  each  unit  ^ere  will  also  be  six  7-pr.  guns  of  200  lbs. 


4015S. 
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40-pr.  RyUd  M.L.  Gun.     Calibre  4"-75. 


§  5478. 


It  was  fit  one  time  proposed  to  convert  the  B.L.  40-pr.  guns  into  mimle- 
loaders,  but  it  was  decided  in  preference  to  make  new  gnna,  first,  because 
tlie  B.L.  guns  b.i  they  e^cist  are  excellent  weapone,  and  the  coet  of  con* 
verting  nnd  re-tubing  them  would  be  little  less  than  that  of  new  gnus  ; 
secondly,  if  converted  without  being  re-tubed  the  guns  would  have  to 
be  weakened  b;  being  bored  out. 

Introdoclion  of       1°  1671,  therefore,  a  R.M.L.  40-pr.  was  designed,  Mark  I.    This  gun 

Mark  I.  is  18  calibres  in  length  of  bore. 

During  further  experiments  carried  on  after  a  few  of  these  guns  had 
been  manufactured,  rame  irregularity  of  velocity,  &c.  appeared  to  be  due 
to  the  incomplete  burning  of  the  charge  ;  a  longer  gun  of  the  same 
weight  and  calibre  was  therefore  tried  with  such  aatisfactory  results 
that  its  introduction  into  the  service  was  approved  in  March  L874.  The 
lioreof  the  gun  is  22  calibres  in  length. 

Mark  II.  Only  20  Silark  I.  have  been  made,  and  no  more  will  be  manufactured; 

for  the  future  all  will  be  of  Mark  II.  pattern. 

These  guns   have  the   same  nature   of  rifling,  and   are   side-ughted 
only,    not    having   any  centre    sights.     Their    sights  are  not  inter- 
changeable. 
They  have  rear  vents  striking  the  bore  near  the  bottom. 


R.11.L.   OUNS  IN   THE   6ERTI0B. 


ComiBtfl  of: — 

A  tube  (toughened  steel). 

Btube. 

Breech  coil,  compoeed  of  a  single  coil,  trunnion  ring,  and  coil  in 

front  of  trunuiouB  welded  together. 
Caecable. 


Xftrk  n.,  L.B.»  of  36  ewt. 


!.J ^ — ^r-^M  ^ 

K^:::.-:::t{^::^M::. 


-£L^:^:± 


K  -— =- 


Ita  constmction  differs  slightly  from  that  of  M&rk  I.,  and  it  consists 
of!— 

A  tnbe  (toaghened  steel). 

Btnbe. 

1  ficoil. 

Breecb  coil,  composed  of  two  single  coiIb  and  a  trunnion  ring. 

CaBCBbl«, 


S'S-indi  BUled  K.L.   Kowltser  of  18  cwt. 

Having  in  view  the  eaccess  of  the  S-inch  howitzer  (vide  next  page),  e-s-inch 
and  being  anxious  to  try  a  lighter  nature  of  rifled  howitzer  to  fit  the  Iw'it*"'. 
40-pr.  carriage,  and  to  Sre  a  shdl  of  about  60  lb&  weight,  the  Committee 
Gu  High  Angle  Fiie  proposed  in  March  1874  that  a  howitfser  should  be 
constructed  of  6-3-inch  <^ibre. 

A  number  of  these  pieces  have  been  completed  up  to  rifiing,  with 
ngard  to  which  fxirther  experiments  are  being  carried  out. 

n  2 
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§  2084. 
Siege  64-pr. 


§  S507. 
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This  howitzer  consists  of  : — 
A  tube  (toughened  steel). 
5  tube. 

Breech  coil,  composed  of  a  single  coil  and  a  trunnion  ring. 
Cascable. 

The  vent  bush  is  of  the  service  pattern,  placed  in  the  piece  vertically, 
so  as  to  strike  the  bore  at  a  point  just  in  front  of  the  chamber. 
The  mode  of  sighting  is  under  consideration. 


64-pr.  Bifled  M.L.  Chm  of  64  cwt.,  Mark  ZZZ.  (Blege). 

The  64-pr.  siege  gun  is  the  Mark  III.  pattern  (vide  p.  179),  but  all 
those  employed  for  this  service  have  steel  tubes,  and  have  therefore  been 
either  manufactured  as  new  guns  since  187 19  or  else  have  been  re-tubed 
with  steel. 

The  several  parts  are — 

A  tube  (toughened  steel). 

B  tube. 

Breech  coil  or  jacket. 

Cascable. 

These  guns  have  their  sights  graduated  for  10  lb.  charges,  and  have 
also  the  shallow  notch  of  leaf  and  slow  motion  screw  used  for  siege  and 
field  guns.* 


8-inch  Bifled  M.L.  Eowitser  of  46  cwt.,  L^S.,  lEark  !• 

The  8-inch  howitzer  was  the  first  piece  of  ordnance  introduced  into 
our  service  to  supersede  S.B.  mortars  for  high  angle  fire. 

Towards  the  close  of  1872  it  was  ordered  that  S.B.  mortars  should  no 
longer  constitute  a  pait  of  the  siege  train,  and  that  8-inch  howitieni 
should  be  substituted  in  their  place. 

*  They  are,  however,  proved  for  12-lb.  charge  with  a  90-Ibfl.  pnjectik^  wUek 
charge  they  can  fire  when  required. 


i 
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CHAP.  XI. 


Several  of  these  howitzers  were  therefore  estimated  for  in  1873-4,  s-inclu 
and  up  to  this  date  a  number  have  been  manufactured. 


in 

a 


^    \^ 


t2-5_ ^ 35*5     LEMCTH  OF  RIFLING. 


This  howitzer  consists  of — 
A  tube  (of  toughened  steel). 
B  tube. 

Breech  coil  (or  jacket),  composed  of  a  single  coil  and  trunnion  ring. 
Cascable. 

It  has  the  Woolwich  rifling,  with  four  grooves  of  the  same  size  as  the 
S-inch  R.M.L.  gun. 

The  sighting  is  central,  as  described  p.  193,  and  the  vent  strikes  the 
chamber  near  the  bottom  at  right  angles. 

Medium  Guns. 

We  maj  term  the  64-prs.,  other  than  siege  pieces,  the  three  natures 
of  converted  guns,  and  the  7-inch  of  90  cwts.,  medium  guns. 

M-pr.  Rifled  M.L.  Guns  0/64  cwt.    L.S.  and  S.S.     Calibre  6" '3. 

There  are  three  patterns  of  this  gun.    (See  Plate  Y.) 

The  64-pr.  was  the  R.M.L.  gun  first  introduced,  so  that  we  find  a 

number  of  these  pieces  built  up  on  the  old  method  of  construction. 

Indeed  the  construction  and  external  appearance  of  Mark  L  of  these  guns 


Medium  guns 
64-pr8. 
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O  8.C.  Pro. 
oeedingE,  1864, 

pp.  US,  ass. 


o.ac.  Fio- 

Medii^i,  IB6S, 
p.  S46. 
81113. 
O.8.C.  Vto- 
c««dillgl,  1863, 
p.  317. 
g  1063. 


is  identical  with  that  of  the  64-pr.  wedge,  for  which  they  were  originally 
iiitendcd.  They  were  adopted  ia  1864  for  the  Nsvj  as  a  broulfiide  or 
pivot  gun  to  replace  tlie  64-pr.  wedge  gun  (vide  p.  165),  which  was  ob- 
jected to,  08  its  use  would  have  necessitated  a  store  of  special  ammnnition 
being  kept  nt  all  out  stution.x.  The  calibre  of  6" '  3  was  chosen  to  permit 
of  firing  32-pr.  .vmoothbore  spherical  projectiles  in  cases  of  emergency. 

TliORe  tubed  or  ro-lubed  with  steel,  and  also  such  of  Marks  I.  and  IL 
OS  have  been  re-tiibe<l  with  irou,.have  the  plain  groove.  The  rem^der 
have  the  older  shunt  groove.     Vide  also  pp.  34  and  35. 

In  1866  it  was  recommended  and  approved  that  this  nature  ehoold 
replace  the  7"  B.L.  guns  in  the  Navy,  in  cases  in  which  the  latter  were 
found  too  heavy. 

Those  guns  are  used  solely  as  shell  guns,  not  being  sufGciently 
powerful  against  iron  clad  ships. 


64-ivt.  Haik  I.      The  end  of  the  bore  is  dosed  by  a  copper  cnp,  backed  up  by  the 
cascablc. 

SiQHTnro.    Scale)  inch  a  I  foot. 


Mark  L  cooeiste  of: — 
A  tube  (coiled  iron). 
Breech-piece  and  B  tube. 
Trunnion  ring. 


Mark  II. 

0.8.C  Fro-  Guns  of  this  nature  were  recommended  for  mannfactore  In  1866 

cwdings,  I8S6,   being   less  expensive    than  Mark  I^  and  equally  effldenL     The  end 
p.  SST.  Qf  ^^  j^j.g  jg  (jiosed  by  a  wronght  iron  plug,  m  copptr  diac  inter- 

^^^_  veniag  between  it  and  the  cascable. 
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These  guns  differ  entirely  in  exterior  appearunce  from  Mark  I.,  tbo     CHAF.  XI. 

Bwell  at  the  muzzle  is  dispensed  with,  and  thu  gun  is  cylindrical  fi-om  

the  breech  to  a  little  in  front  of  the  trunnion,  the  curve  of  the  breech  ia 
also  broken  so  aa  to  form  a  step. 

They  are  marked  B  on  the  left  trunnion,  that  being  the  designation  of  §  i6oe. 
this  pattern  when  introduced  into  the  service. 

Scale  ^  inch>l  foot. 
.y.  64.pr.  HaAH. 


SujHTrao.    Boalef  inch =1  foot. 


Makk  U.  consists  of  — 

A  tnbe  (coiled  iron),  double  at  the  chaee.  e 

Breech-piece. 

Breech  coil,  composed  of  a  double  coil  and  trunnion  ring 

welded  together. 
Coil  in  front  of  tho  trnnnioUB. 
Cascable. 
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CHAP.  XL 

64-pr. 
HarkllL 
or  D  pattern. 
O.8.C.  Pro- 
ceedings,! 867, 
p.  11. 

O.8.C.  Pro- 
ceedings, 1866, 
p.  352. 

I  1608. 


11608. 


The  manufacture  of  Mark  III.  was  approved  in  1867,  experiments 
having  proved  that  this  construction  is  stronger  than  that  in  which  the 
solid  forged  breech- piece  is  used. 

Its  external  appearance  is  the  same  as  Mark  IL,  excepting  that  the 
breech  is  rounded  off. 

Guns  of  this  pattern  issued  prior  to  March  1868,  have  D  stamped  on 
the  left  trunnion  ;  that  being  it-s  designation  when  introduced. 

Those  made  since  April  1871  have  solid  ended  steel  tubes,  and  a  B 
tube  shrunk  over  the  chase.  Most  of  the  guns  made  with  steel  tubes 
are  for  the  siege  train,  as  explained  at  p.  262,  the  guns  having  iron  tubes 
are  employed  as  S.S.  guns. 

Scale  ^  inch—  1  foot. 
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Mabk  III.  consists  of : — 

A  tube,  coiled  iron  (double  at  the  chase). 

Breech  coil,  composed  of  a  triple  coil,  trunnion  ring,  and  a  single 

coil  welded  together. 
Cascable. 


Converted 
guns. 


Converted  guns. 

As  described  in  Chapter  X.,  the  manufacture  of  converted  guns  on 
the  Palliser  principle,  where  a  wrought-iron  barrel  is  inserted  into  a 
cast-iron  casing,  was  commenced  in  1863.  Some  of  these  converted 
guns  were  made  by  contract,  but  most  of  them  in  the  R,G.F. 


64 
32 


-pr.  (converted)  58  cwt.  L.8. 


A  number  of  these  guns  have  been  made  for  sea  fronts  where  range 
is  limited.     The  construction  is  described  at  p.  241, 

Scale  ^nd. 
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RxvLiNO.    Scale  Jth. 


CHAP.  XL 
64         . 

•  A'pT-Of  58  OWta 


141*46  length  of  rifling 


1 


This  64-pr.  of  68  cwt.  consists  of: — 
Cast  Iron  casing. 

Barrel  |  ^  *"'^'  <'°"^  ''■**°' 

Cast  iron  collar. 
Wrought  iron  screw  plug. 


§  2066. 


-  f  *  B.M.L.  (converted)  of  71  cwts.  L.8.  and  8.8. 

This  Run  is  meant  for  the  aimament  of  unarmoured  ships  and  land  §  1753. 
fronts  ot  fortifications.    Vide,  for  description,  p.  243,  where  a  diagram 
of  the  sights,  &c.  will  also  be  found.  64-pr. 

This  64-pr.  of  71  cwts.  consists  of : —  8-inch. 

Cast  iron  casing.  °^  ^^  ®^' 

Barrel  /  ^  *"^»  coiled  iron. 

l-^    w         »         » 
Cast  iron  collar. 

Wrought  iron  screw  plug. 


80 
68 


•pr.  B.M.L.  converted  gun  of  5  tons.    L.8< 


This  our  heaviest  converted  gun  is  a  L.S.  gun  and  would  be  emplojed  §  32S0. 


64 


for  the  same  purpose  as  the  ^-pr.  58  cwt.   where  a   somewhat  more 

powerful  piece  is  wanted. 

Scale  ^nd. 


---pr.  of  6  tons. 

68 


10 


R.M.L.    QUKS  IN   THE   SEKVIGE. 
SiOBTDH).    Seiis  i^tli. 


iis-^ 


Parts  the  Mine  as  for  the  two  preceding  gans. 


7-itich  &.1C.L.  gim  of  90  cwtai.  Xark  I.  8.8. 

At  the  roqueet  of  the  Admiraltv  eome  7-inch  GJ-toa  gnns  under  mum- 
facture  were  completed  in  1874  as  90-cwt.  guns  for  the  annament  rf 
unarmonred  vessels.  The  bore  of  the  piece  remains  the  samef  but  the 
exterior  is  turned  down  all  over  and  slightljr  shortened.  In  order  to 
rectify  the  preponderance  and  the  position  of  the  trunnions,  a  large  part 
of  the  jacket  is  also  turned  off  and  a  new  jacket  shrunk  over  the  hreec^ 
where  a  portion  of  the  old  jacket  forms  a  breech-piece  aa  in  the  9"  gnu 
and  upwards. 

Manj  service  G^-ton  guns  hare  since  been  reduced  to  9(>-cwt,  gmii  ■> 
deaoiibed,  and  a  few  new  guns  have  been  made  of  nmilar  eonptmetioiit 
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the  coiled  breech-piece  in  the  latter  case  being  made  of  two  coils  united, 
which  together  resemble  the  breech  coil  and  1  B  coil  of  KV'  guns  and 
upwards. 


CHAP.  XI. 


7-iiich  of 
90  cwts. 
Mark  I.  re- 
duced from 
those  of  6^tonB« 


.^ 53 J 

124<6  NOMIN/iL    LENGTH -»» 

.61*65 If 78-36 > 

131  TOTAL  LENGTH  OF  CUN. > 


Consists  of: — 

A  tube  ^toughened  steel). 

B  tube  (chase). 

Coiled  breech-piece. 

C  coil  or  jacket : — ^A  single  coil  and  trunnion  ring  welded  together. 

Cascable. 


Heavy  Guns. 

We  now  come  to  guns  which  might  be  employed  against  armour  plates   Employment  of 
with  £air  effect  from  ranges  of  1,000  up  to  3,000  yards.    Their  powers  heavy  guns, 
increase  very  much  as  they  become  larger  until  in  the  80-ton  gun  we 
have  a  piece  of  ordnance  which  can  pierce  with  ease  the  thickest  armour 
at  present  afloat  (24  inches)  up  to  a  range  of  about  1,000  yards. 

All  these  pieces  have  three  sets  of  sights.  They  all  have  the  Wool- 
wich rifling  with  increasing  twist,  except  the  7-inch  where  it  is  uniform. 
In  all  of  them  also  the  vent  strikes  the  bore  at  right  angles,  and  at  a 
distance  of -f^  the  length  of  the  cartridge  from  the  bottom  of  the  bore.* 


7-inch  Bifled  M.L.  Guns  of  6^  tons^  8.8.  only. 

# 

There  are  three  patterns  of  this  gun. 

It  is  built  on  the  original  construction,  the  coils  being  separate  and  7-inch  guns  of 
hooked.     It  was  adopted  in   1865  as  a  broadside  or  pivot  gun  for   Hton8,MaritI. 
firigates,  to  replace  the  7-inch  BX.  and  68-pr.  S.B.  guns^  and  is  now 
very  extensively  used,  331  having  been  made. 

Externally  the  breech  is  rounded  off,  giving  the  gun  somewhat  the 
fiihape  of  a  soda-water  bottle,  and  it  has  several  steps  in  front  of  the 
trunnions. 

These  guns  are  in  total  length  18  inches  shorter  than  the  land  ser-  O.S.C.  Pro- 
vice  7-inch  irun,  beine  a  length  more  suited  to  the  requirements  of  the  ceedings,  1865, 
Navy.  «5  "^  a  ^  pp.  227, 317. 

*  With  the  80-ton  gun  it  is  possible  that  an  axial  vent  may  be  employed. 


R.U.L.   0DN8   IK  THE   SEBTIOE- 


Mask  I.  coasists  of ; — 
A  tube  (toughened  steol). 
Breecb<piece  and  B  tube. 
Tniimion  ring, 
'  Six  coilfi. 
CHcable. 


B.H.L.  atlNS   IN  THE   SEBYICB. 


IcII. 


Very  few  of  this  pattern  were  manu&ctared.    They  were  intro-  T-incli  sj  tong, 
duced  io  1866  and    then  deaignated  and  marked  on  the  left  trunnion   ^^^^  '^■ 
F.  I.  (Fraaer  construction)  ;  gnns  of  this  pattern  isBued  prior  to  31st 
March  1668,  are  thus  known. 

They  bad  coiled  iron  barrels  closed  by  an  iron  plug,  as  steel  was  not 
then  finally  adopted  as  the  material  for  inner  barrelB.     Any  of  them,  ^y"''  '"'• 
bovev^,  which  have  since  been  re-tubed  have  solid  ended  steel  barrels. 

Their  external  ^pearance  is  similar  to  that  of  Mark  II.,  64-pr. 

Scale  i  iucb  ^  1  foot. 


Rinuia.    Scde  1)  inch -1  foot 


!72  B.H.I..   QVSe   IN   THE  SEBTICE. 

Mask  IT.  consists  of : — 
A  tube  (coiled  iron). 
Breech-piece. 

B  tube  (the  boil  in  front  of  the  tniimioDS,  and  chftfle). 
Breech  coil : — a  double  coil  and  trunnion  ring  welded  t^ether, 
Cascable. 


Mark  m. 

This  constniction  adopted  in  1866  superaeded  Mark  II.,  the  solid 


the  breech  beii^ 
thickness.     Those  issued  prior  to  March  1868  have  F  IL 


forged  breech-piece  bdng  abaodoned  and  the  metal 
put  on  in  one  thickness.     TJ 
stamped  on  the  left  tnmnioD. 

Its  external  appearance  ia 'similar  to  Mark  III.,  64-pr. 
Scale  i  iDchii  I  foot. 


Mask  HI.  conrista  of : — 
A  tube  (Umgfaened  steel). 
B  tube  (chase). 
Breech  noil : — a  triple  coil,  trunnion  ring  and  coil  in  front  of  the 

tmnniong  welded  togetlier. 
Cascable. 


7-iaeh  B.K.L.  Oub  of  7  tou.    IfB.  Mily. 

There  are  three  patterns  of  this  gun.     (See  Plate  VII.) 

This  nature  is  entirely  a  land  service  gun,  and  was  introduced  in 

1865  as  a  battering  gun  for  coast  defence. 

Mark  I.  is  built  on  the  original  construction,  and  extemallj  is  similar 

to  the  7-inch  6^-ton  gun,  Mark  I.     The  B  tube  of  this  pattern  b  covered 

by  an  additional  thin  coil  so  as  to  reduce  the  preponderance,  whicb 

was  found  to  be  excessive.    61  were  mannfactured. 


O.B.C.  Fro- 
Medlngs,  186S, 
P.8K. 
0.8.aPro- 
OM^ngi,  1866, 
p.  119. 


B.H.L.  GUNS  IN  THE  SBBVIGE. 
Si^rmio.    Scilc  }  inch—  1  foot. 


Mask  I.  conssts  of : — 
A  tube. 

Breecb-piece  and  B  tube. 
TraDmon  ring. 
Five  coils, 
Caacitble. 


Introduced  in  1866,  consists  of  same  parts  as  Mark  II.,  7-incb  6^ton  T-io«Ii  7  tout  i 
gun,  and  differs  from  it  only  in  lengtb.    There  were  only  two  made,  and  **■*  ^ 
tiiej  are  marked  F.  I.  on  the  left  tnmnion. 

Scale  i  inch  =  1  foot.  ,,j^ 


■tSiisiS 


1- 


RMX.   OUMB   IN   THE  8ERVICB. 
SioBTiRQ.    8ea]«  g  inch  - 1  Ibot. 


7-ii»chof7ti>iii.      ^^^"^  11^'  introduced  ia  1866,  differs  only  in  length  from  Mark  III, 
li«ik  m.  '-inch  6i-toii  gun.     Prerious  to  April  1868  theee  guns  were  rawked 


F.  II.  on  tho  left  trunnion. 


Hark  HI. 

Scale  I  ipch  =  1  foot 
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I IS07.  1^  BeverBl  ports  are  sa  In  Mark  II. 


R.Ha.   GUN8   IN  THE   8EKVI0E. 


8-ineh  Bifled  X.L.  Oun  of  9  toiu»  IbS.  and  S.S.  CHAP.  X] 

There  are  three  patterns  of  this  gun.     (See  Plate  XI.) 

These  guns  were  introduced  in  1866  for  S.S.,  and  a  few  have  aiuee  B-inchofBto 
been  made  for  L.S.     They  are  used  by  vessels  not  eufficieutly  heavy  to  Mark  I, 
carry  9-inch  gnus. 

Its  exterior  ia  similar  to  Mark  I.  7-inch  6^-ton  gun. 

The  nnmber  made  of  this  pattern  is  76. 


Uaxk  L  coomets  of : — 
A  tube. 

Breech-piece  and  B  tube. 
Tronnion-ring. 
Five  coils. 
Cascable. 


R.UX.   GUNS   IS   THE  BEBVICB. 


B-inchofgiona       '^^'^  S""'  introduced  in    1866,  conaifits  of  same  parts  as  H&rk  II. 
Hark  II.        '  7-iQch  6^-ton  gun,  and  the  exterior  form  is  similar.     Only  six  were  made, 
and  tliey  are  marked  F.  I. 


Scale}  inch -1  foot 


RiPLiHO.    Beale  1|  inch  =  1  foot 
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Hark  HI. 

Mask  III.,  introduced  ia  1866,  consists  of  aame  parts  as  Mark  III.     CHAP.  XI. 
7-inch  6^ton  guns,  and  the  exterior  form  is  similar.     Those  made  pre-  ~~~ 

Tions  to  April  1868  were  marked  F.  H.  i^ui"^'' 

Scale  i  iiich=l  foot. 
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im 


IMndi  Ufled  1C.L.  Chm  of  IS  tou,  L.8.  and  UM. 

There  are  five  patterns  of  this  gun.    (See  Plate  XIL) 
Mark  I. 

Introduced  in  1865  as  a  broadside  gun  for  heav^  iron  clad  ships,  and  g-mch  of  la 
also  fiw  the  defence  of  harbour  and  sea  fronts.     190  were  made.  tom,  Markl. 

It  is  a  ver;  powerfol  gun  for  its  weight. 

ExternaU7  it  has  several  steps  in  front  of  the  trunnionB,  and  is 
rounded  off  at  the  breech. 


Scale  Jiucli=l  foot. 
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B.U.I,.    0UN8   IN   THR   SERVICE. 
KiFuno.    Scale  1}  inch  —  I  foot. 


Majik  I.  coQBists  of: — 

A  tube  (tougheopd  Btoel), 

Breech-piece, 

£  tube. 

Trunnion  ring. 

Sevfin  coils. 

Cascable. 


Xark  II. 

>^ebofl2  Introduced  in  1866,  only  26  being  mgde.     They  differ  from  Mark  U. 

ton*.  Hark  IT.    7-inch  and  8-inch  in  hnviog  sleel  barrels,  but  the  external  appearauce 

is  tlie  same.     They  are  marked  F.  I.  on  the  left  trunnion. 

Scale  ^  inch  ^  1  foot. 
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RinjKo.    Scale  1^  incha  1  foot. 


CHAP.  XI. 


104'LCNG-rH  OPfllPUNC- 
lit  LXNOTH  or  BORC 


Mabk  II.  consists  of: — 

A  tube  (toughened  steel). 

Breech-piece. 

B  tube. 

Breech  coil : — Double  coil,  trunnion  ring,  and  a  coil  in  front  of 

the  trunnions  welded  together. 
Cascable. 


§  1G42. 


Xark  III. 

Was  introduced  in  1866,  and  is  similar  in  construction  and  exterior  9-inch  of  12 
form  to  Mark  III.  7-inch.     Those  manufactured  previous  to  April  1868  tons,  Mark  HI. 
are  marked  F.  II.     136  of  this  pattern  were  manufactured. 

Scale  I  inch  =  1  foot. 


NOMINAU  LENGTH  • 
ft 

90 


J I5C   TOTAL  LCNCTH  OF  CUN 


Mabk  III.  consists  of : — 

A  tube  (toughened  steel). 

B  tube. 

Breech  coil : — Triple  coil,  trunnion  ring,  and  a  double  coil  in  front 

of  the  trunnions  welded  together. 
Cascable. 


§1642. 


ICarks  ZV.  and  V. 


Mark  IV.  pattern  was  adopted  in  1869,  and  its  external  appearance  is  9-iiicb  of  12 
the  same  as  Mark  II.  Mark  V.  differs  from  IV.  in  preponderance  only,  J^^»  ^J^®» 
the  tmnnions  being  placed  |"  further  to  the  rear.  •  *° 

These  pieces  as  well  as  all  those  of  higher  natures  now  manufactured 
have  two  layers  over  the  breech,  i.e.,  a  coiled  breech-piece  covered  by 
>i  breech  coil,  this  construction  being  considered   preferable  to  the 
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CEAP.  XL  Mark  HI.  for  very  hcAry  guns,  cxi  accofmt  of  the  difficnlty  of  ensoriDg 

the  BonndnesH  of  the  interior  of  &  larve  mam  of  iron.     Vide  alfio  p.  174< 

S 1906. 

O.S.O.P.,.  S«.,}i«h-.to<.. 

cccdillgt,  lBfl9,  I 

p.  17S. 


iS^^V 

/ 
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Mabks  rv.  and  V.  ccnsist  of : — 
A  tabe  (toaghened  steel), 
fitube. 


Coiled  breecb-piece. 

Breecfa  coil :— double  coil,  tninniOD  ring,  and  single  coU  in  firont  of 

the  tnumions  welded  together. 
Cascable. 


lO-iiuA  Ufled  ICL.  Oim  of  18  ton*,  bS.  attd  8.S. 

There  are  two  patterns  of  this  gnn.    (See  Plate  XIII.) 
Hark  I. 

Mark  I.  was  proposed  by  Commodore  Heath,  B.N.,  in  1865,  owing  to 
the  snccess  of  the  9'inch  gnn,  and  introdnced  in  186S  for  the  Navy 
as  a  most  powerful  broadside  gnn,  U.M.S.  "  Hercules "  being  armed 
with  it.  These  guns  at  2,000  yards  strike  nearly  ae  hard  a  blow  as  the 
9-inch  does  at  the  mnzde,  and  their  power  of  penetration  at  1,500  yarda 
ia  nearly  equal  to  the  9-inch  at  the  mnzele. 

The  lO-inch  is  now  uaed  by  the  land  service  for  coast  defence. 

Its  externa]  appearance  is  sunilar  to  Mark  m.  9-incb. 

There  are  18  guns  of  this  pattern. 


O.S.C.  Pro. 
o«ediiig«, 

1869,  p.  390. 

OS.C.  Pto- 
owdingi, 
1868,  p.  Bfl. 


mi- 


1   ibi-U — ^" 


B.MX.   GUNS  IN   THE   SEBTICE. 

SiaHmo.    Scale  ^  bch  —  1  fixit. 


Rnuxo     Scsl«  I  inch  =  i  foot. 


Mask  I.  confiiats  of : — 

A  tube  (toogheoed  steel). 

J?  tube. 

Breech  coi):— triple  coil,  trnimioa  ring,  and  &  triple  coil  in  front 

of  the  tmnniouB  welded  together. 
Cascable. 
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CHAP.  XI. 


Xark  II. 


lo-inch  of  18         Adopted  in  1869.     Its  exterior  form  is  the  same  as  Mark  V.  9-iiich, 
toM,  Mark  II,     upon  which  typo  it  is  constructed. 

Scale  ^  inch=  1  foot. 


5__ii_? 7:qjiS. .i--*i^ J_/p9.-?_ ZI 


'^-t- 


J.I7p'75   NOMINAL      LENGTH 
-laO    TOTAL    LENGTH    OF   CUN. 


I 


I 


O.S.C.  Pro- 
ceedings, 1869, 
p.  122. 

§  1905. 


Mark  II.  consists  of: — 

A  tube  (toughened  steel). 

B  tube. 

Triple  coil  in  front  of  the  trunnions.     (Belt.) 

Coiled  breech-piece. 

Breech  coil ; — double  coil,  and  a  trunnion  ring  welded  together. 

Cascable. 


11-inch  of  25 
tons. 


11-inch  Bifled  1C.L.  Qun  of  25  tons,  L.S.  and  S.8. 

There  are  two  patterns  of  this  gun.     (See  Plate  XTV.) 


This  gun  was  introduced  in  1867  on  account  of  the  great  penetration 
obtained  with  the  10-inch  gun,  and  also  to  try  it  in  comparison  with  the 
service  12-inch  gun  of  the  same  weight  and  length  of  bore,  in  order  "to 
determine  what  calibre  and  proportional  length  of  bore  were  best  adapted 
to  a  gun  of  from  23  to  25  tons  weight,  or  in  other  words,  what  calibre 
in  a  given  weight  and  length  of  gun  are  best  adapted  to  the  profitaWe 
consumption  of  the  powder  charge." 
O.S.C.  Pro-  In  the  meantime,  manufacture  of  these  guns  of  25  tons  weight  pro- 

ceedings, 1867,  ceeded  as  if  for  12-inch,  but  they  were  only  bored  up  to  11  inches  and 
pp.  15,  94.  j^i^  unrifled,  until  the  question  was  decided  1st  October  1870,  in  fevour 

of  the  smaller  calibre. 

It  is  for  use  occasionally  in  the  Navy  and  by  L.S.  for  coast  defence. 


R.M.L.   OUNB   IN   THE  8EBTICE. 


Externally  it  has  a  step  in  front  of  the  tmniuons,  and  is  rounded  off  ii-ineh  of  ss 
tt  the  bree^.  toni,  Muk  L 

Only  7  of  this  pattern  have  been  made. 


RiFLiRo.    Scale  -f^. 


T    1 


I.  eonaisU  of : — 

(toughoai^d  sU-el). 

"ih  coil : — triple  (or  quadruple)  coi),  triiuuioit  ring,  and  triple 
A  in  front  oftlio  trunnions  welded  lopcther. 


RJLL.  aUNS   IN   TUB  8EBVICB. 


Il-inehofss        This  gun  was  adopted  in  187lfor  the  nine  reasona  as  to  nuuiufactiira 
tons,  Mark  IL    ^  already  mentioned  in  tbe  caae  of  9-inch  guns  Hark  IV.,  vide  pp.  279, 
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._  n^MomiM 

Habk  n.  oonsiBta  of  :^ 

^  tnbe  (toughened  steel). 

J5tubo. 

Triple  coil  in  front  of  the  trnunions. 

Coiled  breech-piece. 

Breech  coil :— ^onble  coil  and  a  tnumion  ring  welded  together. 

Cascable. 


la-indi  BUled  X.K.  Onn  of  SB  tou,  L.S.  uid  B.S. 

There  are  two  patterns  of  this  gun,    (See  Plate  XY.) 


MCMTk  I. 

IS-ineh  of  SS        This  gun  was  recommended  in  1864  on  the  belief  that  it  would  give 
tona,  HarkL     higher  initial  velocity  than  the  13-inch  gun,  but  the  trial  wae  not  carried 
out  till  1866. 

It  is  known  externally  by  having  steps  in  &tmt  of  the  tnumion, 

and  also  at  the  breech.     There  are  only  four  of  this  construcUoQ  in  tlw 

Bervice,  and  their  weight  is  2,Z\  tons,  but  by  an  order  of  3rd  July  1S68| 

to  avoid  confiifiion  and  the  necessity  of  separate  series  on  account  of 

0.8.C,  Pro-       wught  it  was  approved  that  they  all  should  bear  the  same  deeignatioib 

caeiUDgi,  I8S4,   viz.,  Ordnance,  Rifled  HX,  12-incb  of  25  tons,  this  being  the  WBJgbt  d 

P- 1*0,  (Jie  later  patterns. 

12-inch  guns  arc  used  for  turret  ships  and  coast  defence. 
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Mabk  I.  coneiBts  of  :— 

A  tube  (toughened  steel). 

Breech-piece. 

fitabe. 

Trannion  ring. 

7  coils. 

Cascftble. 


Hark  II. 

This  pattern  was  introduced  in  1866,  but  the  first  gun  made  in  that  la-inch  of!5 
year  (No,  5)  is  exceptional  in  having  a  coiled  iron  tube  and  also  a  tons,  MaiklL 
solid  forged  breech-piece. 

Exteroall]' they  are  known  by  the  step  at  the  breech.  Theyweigh 
about  2£-tonB  (see  Mark  I.). 

The  number  of  12"2S-ton  gnna  mana&ctured  up  to  June  1871  is 
15.  Of  these  4  are  cm  the  original  or  Mark  I.  construction  and  9  on 
the  Mark  II.  pattern  (inclnding  the  exception  noted  above). 

The  remaining  two  guns,  Nos.  20  and  21,  are  of  the  same  construction  O.S.C.  Pro- 
as the  11"  gun  Mark  I.,  but  they  do  not  form  a  distinct  pattern,  and  are  eeedtngt,  1866, 
known  1^  Uieir  numbers.    The  breech  of  these  two  guns  is  rounded.         p.SB6. 
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CHAP.  XL 


§  3022/ 


12-inch  of  35 
tons,  Mark  I. 


Scaled 


Mark  II.  consists  of : — 

A  tube  (toughened  steel). 

B  tube. 

Triple  coil  in  front  of  trunnions. 

Coiled  breech-piece. 

Breech  coil : — double  coil  and  trunnion  ring  welded  together. 

Cascable. 


12-inch  Bifled  1C.L.  Oim  of  35  tons.    Xark  I.    S.S. 

There  is  only  one  pattern  of  this  gun.     (See  Plate  XVI.) 

The  first  of  these  guns  was  completed  in  February  1871  as  a  700-pr. 
of  1 1"*6  calibre,  but  experiments  having  proved  that  this  calibre  is  not 
suitable  for  the  eflBcient  combustion  of  120  lbs.  of  "  P  "  (Pebble)  powder, 
the  proposed  battering  charge  of  the  gun,  it  was  decided  to  bore  it  out 
experimentally  to  12". 

This  calibre  was  finally  adopted  for  guns  of  this  weight,  of  which  only 
15  have  been  made.  The  cascable  terminates  in  a  plain  button  instead 
of  a  loop. 
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Consists  of: — 

A  tube  (toughened  steel). 

B  tube. 

Triple  coil  in  front  of  the  trunnion. 

Coiled  breech-piece. 

Breech  coil :— double  coil  and  a  trunnion  ring  welded  together. 

Cascable. 


J 
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13-S.4itcli  Bifled  1C.L.  Gun  of  38  tons.  Hark  I. 


CHAP.  XI. 


The  12-iDch  gun  of  3  5 -tons  being  rather  Bbort  for  its  other  dim  en-  i3-5-inchof3S 
aions,  a  pattern  for  a  38-ton  gun  about  3  feet  longer  iu  the  bore  was  toos,  Mark  I. 
provisionally  approved  of  iu  1873. 

Experiments  made  b;  the  Committee  on  Explosives  with  such  n  gun, 
bored  out  first  to  12  inches  and  then  to  12'il  inches,  showed  that  the 
latter  calibre  was  the  most  suitable  of  the  two.  It  was  consequently 
approved  in  November  1874,  that  the  calibre  of  this  piece  should  be 
12*5  inches,  the  charge  and  projectile  being  provisionally  110  lbs.  P. 
ponder  and  an  800  lb.  shell.* 

Further  experiments  made  by  the  committee  enabled  them  tn  report 
that  with  an  800  lb.  shot,  and  130  lb.  of  P"  powder  no  exccsaive  stnuD 
was  thrown  upon  the  gun  at  any  point  in  the  bore  when  these  charges 
were  employed  with  the  curve  of  ri6ing  of  the  experimental  gun. 
They  tbereioro  recommended  that  the  parabolic  curve  of  rifling  (in- 
creasing twist)  with  n  twist  of  from  0  at  the  breech  to  1  in  35  at  the  g  8792. 
muzzle  should  be  adopted.  This  waa  finally  approved  of  in  January  1875, 
sinco  which  date  a  number  of  these  guns  have  been  made. 

In  constructioa  this  gun  exactly  resembles  the  35-ton  gun,  already 
described,  from  which  it  differs  in  dimensions  only. 
Scale,  ^iQeb=i  fool. 


13"  06  Bifled  K.L.  ChU  of  83  tons.    Ksrk  I.    L.S.  only. 
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CHAP.  XI.      these  guiiH  were  ordered  hAving  a  calibre  of  13  inches,  ahsnt  rifling, 

Dniform  spiral  and  A  tubes  of  untempered  steel,  closed  by  the  Elnrick 

loose  end  similar  lo  that  in  the  64-pr.,  Mark  II.  (see  Plate  V.).    Of  theae 
,  four,  bj  March  1867,  two  were  rendered  unBerviceable  during  experi- 
mental practice  at  Sboeburjness  by  splitting  their  A  tubes  and  some  of 
O.S.C.  Pro-       the  coil^  and  another  by  splitting  its  outer  coil.    The  latter  was  repaired 
ceediog«,l86T,    with  a  new  outer  coil  shrunk  on,  and  is  now  servioeahle,  and  the  fourth 
pp.  9S-10S.         having  pasecd  proof  is  scrTiceablo. 

Id  the  meautioic  the  12"  calibre  had  been  adopted,  and  it  was  decided 
that  the  rifling  of  the  two  guns  which  remained  should  be  converted  to 
the  "  Woolwidi  "  form  of  groove,  the  calibre  being  increased  to  13'05 
inches,  a  manufacturing  necessity  owing  to  re-rifling. 

ThuB  it  is  that  these  two  guns  have  an  exceptional  calibre,  oniform 
twist,  and  10  grooves. 

Indeed  we  may  look  upon  them  as  obsolete,  for  no  ammnnition  is 
ma«le  for  these  giuis,  one  of  which  is  in  the  Royal  Military  Bepodlory, 
and  the  other  in  Woolwich  Arsenal. 


O.S.C.  Pro- 
oeediDRi,  I8GT, 
p.  101. 


F__  ;___  1 t  ^ 


Consistfl  of : — 
A  tabe,  untempered  steel,  with  loote  end. 
Breech- piece. 
Btube. 


Trunnion  ring. 
15  coils. 
Cascable. 


Experimental  Chmi. 

Before  any  new  nature  of  ordnance  is  introduced  into  the  serwei ' 
long  series  of  experimental  trials  are  carried  out  to  settle  the  TWW" 
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SSil 


qneetionB  fM  to  calibre,  rifling,  He.,  &c.,  and  bo  long  bb  these  poiats  are    CHAP.  XI. 

not  definitely  settled,  the  pieces  are  termed  experimental,  although  it  maj  

frequently  h^pen  'that  up  to  a  certain  point,  auch  as  the  rifling  or 
ughting,  a  number  of  the  nature  maj  be  manufactured.  Thus  at  present 
(1877)  'we  continue  the  manufacture  of  four  16-inch  guns  of  SO-tons, 
tibongh  the  first  made  ia  still  in  the  experimental  stage. 

IS-lncli  Bifled  MX.  Ouii,  £.S.  and  S.S.,  of  80  ton*. 

In  1873  it  was  proposed  to  conslnict  a  more  powerful  gun  than  any  le-incb  gniu 
of  the  service  ordnance,  and  the  heads  of  departments  recommended  proposed  in 
that  an  experimental  gun  should  be   manufactured   to  weigh   about  1^78. 
75  Ions,  and  to  be  24  feet  long  in  the  bore,  with  a  calibre  of  14  inches. 
Hiifi  calibre  to  be  subsequently  bored  up  to  15  inches  and  16  inches 


-itii 


■aceesHTel;  in  order  to  determine  the  proper  calibre,  rifling,  charge, 
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CHAP.  XI.         In  the  eiirly  part  of  1874,  the  Admindty  acquiesdog  in  die  BoitkbUit; 

of  such  a  guD,  the  Secretary  of  State  for  War  ordered  ita  i^nufacture, 

tlie  cost  of  the  piece  being  estimated  at  about  8,000/.,  and  its  weight 
80  toiiH. 

It  was  intimated  at  that  time  by  our  naval  authorities  that  they 

intended  to  arm  the  "  Inflexible,"  now  building,  with  gune  of  this  size. 

Some  idea  of  the  dimensions  of  this  piece  may  be  gained  from  the 

fact  that  it  is  27  feet  in  total  length,  24  feet  long  in  the  bore,  and  that 

its  diameter  at  the  breech  is  6  feet. 

Ezj>eriineiital  It  was  completed  in   1875,  being  borol  up  to  I4'5  inches,  and  in 

calibres  of  .September  of  that  year   was  fired  at   the  Proof  Butts,  giving   Teiy 

16-iach  gun.       Barisfactory  results. 

The  gun  was  subsequently  bored  up  to    IS  inches,  and  a  number  of 
rounds  tired  with  shot  of  1,265  and  1,465  lbs.,  and  charges  up  to  300  lbs. 
Sines  then  it  has  been  bored  up  to  its  final  calibre  of  16  inches,  and 
fired  with  most  satisfattory  results  at  Shoeburyness,  vide  p.  96. 
It  consists  of : — 

A  tube  (toughened  steel). 

B  tube. 

2  B  coil. 

1  B  coil  (or  belt). 

Coiled  breech-piece. 

Ccoil  (or  jacket)  made  of  4  single  coib,  a  ring  coi),  and  a  truonion 

ring. 
Cascable. 
The  rifling,  sighting,  venting,  &c.  of  this  gun  are  not  yet  finally 
settled  upon. 


lO-lach  Sifled  X.L.  Howitser  of  6  tons  (S^wrimental). 

Scale  \  inch=  1  foot 


Should  this  howitzer  be  introduced  into  our  service  it  will  pmbablT 
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take  the  place  of  the  13-inch  S.S.  mortnr  in  coast  defences  and  other    CHAP.  XI. 
positions  in  which  these  mortars  are  now  employed.  

The  present  experimental  construction  consists  of  : — 

A  tube  (toughened  steel). 

B  tube  and  coiled  breech -piece  united  into  one  tube. 

Breech  coil  (or  jacket). 

Cascable. 

In  external  appearance  it  resembles  the  8-incli  R.M.L.  howitzer,  but 
having  two  layers  of  iron  over  the  breech  it  is  stepped,  showing  the  end 
of  the  coiled  breech-piece,  the  cascable  also  terminating  as  in  that  piece 
with  a  plain  button. 


9-inch  &.X.L.  Eowitier  of  5  tons. 

The  same  remarks  as  apply  to  the  10-inch  oxporimontal  howitzer  will  Experimental 

also  apply  to  the  9-inch.  9-inch  howitxer 

^^  ^  of  5  tons. 


12-pr.  &.X.L.  Onn  of  8  cwts. 

Three  guns  of  the  above  weight  are   now  under  trial,  rifle<i  upon  Experimental 
different  systems.     By  certain  alterations  in   the  born  it  is  hoped  to  12-pr.  field 
make  these  very  powerful  field  pieces.  ^^^' 


40152. 
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CHAPTER  XII. 


EXAMINATION,     PEESERVATION,     AND     RE-  chapjoi. 
PAIRS  OF  ORDNANCE  AND  STORES. 


,tlOB  Of  Ordnaaee. — ^Memorandum  of  examination  issaed  with  every 
gun. — FeriodB  at  which  different  natures  of  ordnance  must  be  examined. — Mode 
of  examination. — ^How  to  examine  the  bore. — When  impressions  should  be  taken. 
— Mode  of  taking  gntta  percha  impressions  with  B.L.  and  with  M.L.  guns.— 
Natures  of  defects  usually  found  in  bore. — How  the  vent  should  be  examined.— 
Natures  of  defects  in  or  near  vent. — ^As  to  sentencing  for  re-venting.- 
of  B Jb.  nmngs. — ^Defects  on  exterior  of  gun  of  little  importance.- 
What  can  be  performed  in  the  field. — Re-coppering,  adjusting  new  fore  sights  or 
clamping  screw  for  hind  sights. — ^Be-venting. — Bepairs  at  certain  stations. — 
Adjusting  Millar's  sights  to  a  S.B.  gun. — Be-venting  heavy  guns. — ^Bebushing 
7-inch  B3.L. — Bepairs  to  be  carried  out  in  an  arsenaL— Preservation  of  Onnu 
and  nttiiiff*. — ^Painting,  browning,  lacquering  bore. — Vent  plugs. — Sights,  how 
preserved. — Blueing. — ^Bronzing. — ^Preserving  screws  should  be  used.—  Tables. — 
Cleaning  and  examining  tools  for  S.B.  Ordnance. — Bifled  Ordnance. — Venting 
tools. 


Examination. 

Every  artiUeryman  should  know  how  to  examiiie  the  weapons  with 
which  he  works,  and  should  understand  what  defects  in  guns  are  serious 
and  what  defects  may  be  disregarded,  while  it  is  of  great  importance  Importance  of 
that  the  examination  of  both  guns  and  fittings  should  be  very  searching  examination. 
and  exact,  otherwise  a  small  flaw  left  unnoticed  may  endanger  the  life 
of  the  gun  in  the  future. 

Guns  must  therefore  be  frequently  examined  at  out-stations,*  but  as  Final  condem- 
it  requires  great  practice  and  experience  in  order  to  become  a  compe-  nation, 
tent  judge  of  the  various  conditions  of  all  the  different  natures  of  guns 
in  the  service,  it  has  been  directed  that  ^nal  condemnation  shaU  be 
pronounced  only  by  the  authorities  of  the  Royal  Gun  Factories. 

In  all  cases,  however,  where  there  are  sufficiently  serious  defects  Provisional 
(jp.  300),  or  if  there  be  any  doubt  as  to  the  serviceable  state  of  the  gun,  it  condemnation. 
■nut  be  provisionally  condemned  and  a  report  made  of  the  same  as 
mentioned  in  Appendix,  p.  369. 


*  This  will  be  done  by  the  Inspector  of  Warlike  Stores  or  other  competent  person, 
N  mentioned  Appendix,  p.  368. 
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CnAP.  XII. 


Guns  ex- 
amined, &c. 
before  issno. 


Memorandom 


As  described  at  p.  185,  every  gim  before  being  passed  iuto  the  service 
is  cnrofidly  examined  after  proof,  and  in  the  case  of  R.6.L.  guns,  with 
reference  also  to  its  breech  fittings. 

It  is  then  marked  with  the  broad  arrow  in  front  of  the  vent,  and  if 
it  I;h^  a  rifled  gun  a  memorandum  of  examination  is  filled  in,  which  is  in 
fact  a  registtn*  sheet  for  that  particular  piece. 

This  memorandum  of  examination  always  accompanies  the  gun  and  is 
of  examination,  in  possession  of  the  officer  in  whose  charge  the  piece  may  be.     In  it  is 

given  the  information  required  by  any  one  who  has  to  examine  a  gun, 
viz.,  the  material  of  the  bore,  and,  in  the  case  of  the  muKzle-loading 
ordnance,  a  short  description  of  the  construction,  with  a  wood  cut 
allowing  the  gun  in  section.  The  defects  in  the  gun  at  the  time  o£iis 
tssuey*  the  number  of  rounds  it  has  fired,  and  the  subsequent  examinations 
are  also  stated.  When  a  gun  is  returned  to  the  R.G.F.  for  repairs,  a  new 
memomndum  of  examination  is  made  out  after  the  repairs  are  completed, 
and  sent  out  with  the  gun  on  re-issue. 


Periods  of 
examination. 


S.B.  guns. 


Rifled  gunfl. 


Periods  of  ExamifiaHon, 

With  regard  to  the  periods  of  examination  the  following  rules  are  laid 
down  : — 

Every  gun  must  be  examined  after  firing  a  given  number  of  rounds 
with  projectile  as  under  : — 

Roond^ 

S.B.  Cast  i™n  guns  {   ^^f^  JJ  f.  th^e  ^  "-  "'""^  ^ 

f   9-inch  guns  and  upwards        -      60 
Rifled  guns  B.L.  and  M.L.  <    8",  7",  and  64-pr8.     -  -     100 

I    40-prs.  and  under      -  -     150 


Preparing  a 
gun  for 
examination. 


Cleaning  with 
potash  water. 


MoiUi  of  Examination. 

The  bore  should  be  thoroughly  cleaned,  as  it  is  not  possible  to  detect 
small  defects,  which  may  sometimes  be  of  importance,  if  the  bore  he 
in  a  rusty  or  very  greasy  state.  If  care  has  previously  been  takei 
in  keeping  a  gun  tolerably  clean,  it  will  probably  be  sufficiently  pre- 
pared for  examination  by  washing,  brushing,  and  drying  with  tow  or 
a  clean  sponge  head.  If,  however,  there  be  hard  rust  which  wiU  not 
yield,  or  a  thick  coating  of  lacquer  or  grease,  the  bore  may  be  cleaned 
either  by  firing,  if  circumstances  admit,  one  or  two  scaling  chargefl^ 
alK)ut  one-third  the  full  service  charge,  without  projectiles,  which  wiD 
usually  loosen  the  scale,  or  by  the  use  of  hot  water  and  potash,  in  the 
following  manner : — 

About  a  gallon  of  boiling  water  is  poured  on  one  pound  of  bhdf 
American  potash,  and  an  old  sponge  covered  >vith  a  canvas  cap,  or  soms 
substitute  to  make  it  tight  to  the  bore,  is  dipped  into  the  solntioii.  Tlie 
bore  is  then  rubbed  till  the  dirt  is  loose,  when  the  hard  brush  w3I 
remove  it ;  it  is  then  wiped  dry  with  tow,  &c.,  and  slightly  oiled.    Tfca 


*  See  p.  297. 
manner. 


t 


The  position  of  defects  developed  on  service  are  noted  in  a 


68-pr. 
56-pr. 
42-pr. 


32-pr.,  63  cwt. 
32-pr.,  58  cwt. 
32-pr.,  56  cwt. 
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potash  water  must  be  used  veiy  hot,  and  the  sponge  must  be  very  tight,   CHAP.  XII. 

or  the  process  is  ineffectual.     If  the  dirt  be  very  thick  in  the  small  

grooves  of  the  Armstrong  guns,  a  common  pricker  with  the  point  filed  flat 
is  useful.  No  sharp  edged  or  pointed  scrapers  should  be  employed  for 
cleaning  the  bores  of  rifled  guns ;  they  are  unnecessary,  and  are  liable  to 
injure  the  rifling. 

The  bore,  being  thus  cleaned,  should  be  examined  by  aid  of  a  lamp  ;  Examination 
if  the  surfkce  is  slightly  wet  the  detection  of  defects  by  this  means  by  means  of 
is  greatly  &cihtated.     A  sharp  pointed  pricker  is  used  to  ascertain  the  1^™P« 
extent  and  position  of  any  flaw,  the  stave  being  graduated  in  inches  so 
that  the  distance  from  the  muz^Je  may  be  readily  ascertained.     A  spring  Spring 
searcher  is  also  used  to  detect  defects,  and  with  B.L.  guns  in  such  a  searcher. 
manner  that  each  groove  shall  be  traversed  in  succession  by  one  of  the 
points.     A  pricker  with  "blunted  point,"  or  rather  a  flat  edge,  is  also  Blunted  pricker. 
supplied,  and  is  useful  in  searching  the  defects  in  coile<l  barrels. 

Moreover,  should  there  arise  any  doubt  as  to  the  state  of  the  bore,  or 
should  there  be  any  appearance  of  fissures  about  the  vent,  the  gun  would 
of  course  be  examinecl  at  the  discretion  of  the  officer  in  whose  charge  it 
is. 

As  to  taking  impressions  generally  speaking  :  With  S.B.  guns  it  will 
usually  be  only  necessary  to  take  one  of  the  vent  and  that  portion  of  the 
bore  immediately  adjoining  it.  With  R.B.L.  pieces  impressions  would 
only  be  taken  when  flaws  were  seen,  and  as  a  rule  of  the  breech  bush  in 
the  gun  and  of  the  face  of  the  vent  piece.  With  converted  guns  impressions 
of  the  whole  of  the  powder  chamber  showing  also  the  joint  where  the  cup 
closes  the  end  of  the  bore  should  be  taken.  With  R.M.L.  steel-lined  guns, 
unless  scoring,  damage  by  shell,  or  incipient  cracks  are  thought  possibly 
to  exist,  an  impression  of  the  vent  would  very  often  be  sufficient. 

Examination  of  Bore, 

For  the  purpose  of  this  examination  tools  are  provided  for  S.B.  and  Bore. 
Rifled  guns  respectively  as  shown  in  Tables,  pp.  316-318. 

Should  any  defects  be  discovered  they  need  not  be  taken  notice  of,  in  Defects  in 
the  case  of  S.B.  guns,  unless  they  are  0"*  1  deep  in  rear  of,  or  0'''2  deep  S.B.  guns. 
in  front  of  the  trunnions,  or  unless  they  have  jagged  edges  likely  to  retain 
pieces  of  cartridge;  and  in  the  case  of  rifled  guns,  unless  they  are  new  Defects  in 
defects  not  shown  on  the  memorandum  of  examination,  or  old  ones  which  rifled  guns. 
have  materially  increased.     If  the  defects,  however,  be  of  the  natures  impressions  to 
mentioned,  impressions  must  be  taken  of  the  bore.  be  taken. 

For  S.B.  guns  an  impression  of  the  defect  will  be  taken  by  means  of  Temporary 
a  pricker  having  a  copper  pan  attached  to  it  below.     This  impression  is  impression. 
only  a  temporary  one  taken  with  a  mixture  of  soft  soap,  bees-wax,  and 
treacle.*     With  rifled  guns  a  special  instrument  is  issued  for  the  purpose, 
vide  p.  295,  or  should  that  not  be  available,  wood  blocks  such  as  those 
shown  below  for  taking  impressions  of  the  whole  length  of  the  bore  may  be  Of  powder 
used.     They  can  be  made  by  any  carpenter,!  but  it  requires  some  practice  chamber. 
to  take  good  impressions  with  them.     It  is  therefore  advisable  to  take 
impressions  of  the  powder  chamber  if  possil)le  with  the  special  instrument 
provided  with  examining  tools. 

In  all  cases  where  there  is  any  doubt  a«*  to  the  state  of  the  bore  liong  im- 
in  the  case  of  rifled  guns,  impressions  should  be  taken  of  the  whole  pr^^ssions. 
length  by  means  of  these  blocks.  §  l^^^- 


*  Should  a  pennanent  impression  be  required  it  must  be  taken  with  gutta-percba 
with  whatever  means  may  be  available. 
t  The89  blocks  are  therefore  not  issued. 
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The  wood  blocks  are  thna  used : — 

Blocks  A  (tapering  from  the  centre  for  B.L.  sane,  and  fna  ^ 
breech  for  MX.  guns)  with  their  wedges  B  should  be  made  to  i^ 
be  diamelcr  of  the  bor(>s  to  he  taken,  leaving  room  for  aboat  0'2S  iM* 
of  gutta-percha  when  the  wedge  or  wedges  are  driven  home,  and  pTCKW 
aa  follons: — 
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A  sufficient  quantity  of  gutta-percha,  having  been  sofltened  in  water   chaP.  XII, 

just  under  the  boiling  point,  is  well  kneaded  and  worked  to  expel  the  

air  and  water,  and  is  laid  along  the  block  A,  which  has  been  previously  Preparation  of 
prepared  by  rubbing  it  over  with  a  little  soft  soap.     The  gun  is  so  *^®  ^^^ 
placed  that  the  impression  required  will  be  taken  upwards,  the  block  ^^^^  ^ 
A  is  inserted  into  the  bore,  and  the  wedge  B  (if  a  B.L.  gun  by 
simultaneous  blows  at  both  ends)  is  driven  well  home  with  mauls; 
a  small  wedge  C  is  then  forced  between  the  ends  of  the  blocks  A  and  B. 

Mktbod  of  UBnfo  the  Wood  Blooks  for  takihq  Gutta-Percha  Impres- 

sioxB  OF  THB  Bores  of  Guns. 

Scale  ^  Bize. 


•  1'  ' 


This  can  easily  be  withdrawn  in  about  10  or  15  minutes,  according 
to  the  temperature,  when  the  impression  has  become  cold,  and  thus  gives 
slackness  to  the  wedge  B  and  the  block  A,  which  are  withdrawn  in  the 
order  named  together  with  the  impressions,  which  can  be  readily  removed 
from  the  block,  being  prevented  from  sticking  by  the  soft  soap. 

Before  impressions  are  taken  the  bore  should  be  quite  clean  but 
slightly  greasy  ;  if  quite  dry  the  gutta-percha  will  adhere  to  it,  and  the 
impression  be  damaged  in  removal. 

To  use  the  **  instrument  for  taking  impressions  of  vents "  gutta- 
percha prepared  as  above  is  laid  on  a  gun  metal  plate  secured  by  screws 
to  a  frame.  The  frame  is  attached  to  a  long  hollow  handle,  and  is  so 
made  that  the  upper  portion  *  can  be  raised  or  lowered  by  bell-crank 
levers  worked  by  a  right  and  left-hand  screw.  This  screw  forms  part 
of  a  rod  passing  through  the  frame  handle,  and  to  the  outer  end  of  the 
bar,  &c.  is  attached  a  cross  handle  by  working  which  the  plate  carrying 
the  gutta-percha  can  be  forced  up  against  the  surface  of  the  bore  or 
powder  chamber  when  required,  and  lowered  when  the  gutta-percha  is 
sufficiently  hardened. 

In  order  to  note  in  returnsf  the  position  of  any  flaw,  &c.  upon  an 
impression,  their  distance  from  the  muzzle  is  measured  in  inches  and 
noted  as  up,  right  of  up,  &c^  as  the  case  may  he,% 


Instrtunents 
for  taking 
impression  of 
vents. 


Position  of 
flaws,  &c., 
how  noted  in 
retams. 


*  The  apper  part  of  the  frame  itself  answers  as  a  plate  for  some  naturee. 

{Vide  Appendix,  pp.  871,372. 
Defects  in  powder  chambers  of  B.B.L.  guns  are  measured  from  the  breech  end, 
and  noted  in  a  similar  manner  to  defects  in  the  bore. 
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CHAP.  XII. 


S.B.  guns. 
Corrosion  of 
bore. 

Rifled  guns. 
Tool  marks. 


Wearing  of 
the  grooves. 


Defects  in 
wrought  iron 
barrels. 


Certain  defects 
of  little  impor- 
tance in  coiled 
barrels. 


Defects  in  Bore. 

In  S.B.  guns  thr  bore  is  liable  to  bo  mucli  con-oded  if  exposed  to 
the  iiction  of  salt  wuter,  and  occasionally  a  flaw  in  the  metal  leaving  a 
hole  may  also  o<*cur.  Generally  speaking,  however,  the  defects  which 
condemn  such  pieces  will  Im)  found  at  or  about  the  vent,  vide  p.  301. 

With  rifled  guns  the  following  defects  are  likely  to  be  found. 

(1.)  <^Tool  mai'ks,'*  or  slight  irregularities  and  scratches  caused  in 
manufacture  during  the  boring  and  rifling.* 

With  steel  tul)es,  on  account  of  the  hard  smooth  surface,  these  are 
more  apparent  anif  iiavc  l)een  at  times  mistaken  for  fine  cracks  when 
running  along  the  bore.  To  an  experienced  eye,  however,  the  difference 
is  easily  i)erceptible. 

(2.)  Slight  wear  of  the  sides  of  the  grooves  from  the  friction  and 
over-riding  of  the  studs  of  projectile  is  also  found  at  times,  but  this  takes 
place  as  a  rule  only  in  guns  having  iron  tubes,  or  when  with  steel  tubes 
a  uniform  twist  is  employed  with  a  heavy  gun. 

(3.)  With  wrought  iron  "A"  tubes  f  imperfections  of  weld  always  exist, 
and  scarcely  any  arc  (juite  free  from  them  ;  they  are,  however,  of  little 
consequence  ns  a  rule,  unless  they  are  found  to  increase  very  much 
when  the  gun  is  used. 

The  following  are  the  technical  names  of  the  several  defects  likely  to 
be  found  in  wrought  iron  barrels  : — 

"  Coil  mai'ks,"  where  the  line  of  coil  running  round  the  barrel  is 
visible,  the  weld  not  being  quite  perfect ;  but  in  this  case  the  defect  has 
no  appi-eciable  depth,  and  is  of  little  consequence. 

"  Defective  wolds,"  the  same  sort  of  defect  as  "  coil  marks,"  but  deej>er 
and  more  important ;  they  run  round  the  bore  in  coiled  barrels,  and  along 
it  in  solid  forged  barrels, 

"  Specks,*'  smull  spots  and  pin  holes  in  the  metal,  cause<l  by  dirt  in 
iron,  blisters,  &c.     These  sometimes  occur  in  clusters. 

"  Flaws,"  larger  defects  of  the  same  nature. 

"  Longitudinal  cracks  "  are  also  found  in  solid  forged  barrels,  caused 
by  the  gas  eating  into  the  defective  welds  and  splitting  the  barrel 
lengthways. 

"Scoring"  or  "Guttering"  about  the  seat  of  the  projectile,  caused 
by  the  rush  of  gas  through  the  windage  in  M.L.  guns,  occurs  in  the 
coiled  barrels  of  heavy  guns  (few  of  which  have  been  made),  and 
"  longitudinal  cracks  "  are  also  sometimes  dovelopwl. 

The  experience   of  years   has   proved  that  flaws,  coil   marks,  and 
even  defective  welds   are  of  little  importance  in  guns  not  exceeding 
the  size  and  power  of  the  7-inch  B.L.  gun.     Tiie  importance  of  a  defect 
depends  in  a  great  measure  on  its  position  in  the  gun,  one  in  rear  of  the 
trunnions,  especially  if  in   the  powder  chamber,  being  more  dangerous 
than  one  of  the  same  nature  and  extent  in  front  of  the  trunnions,  as  the 
powder  gas  acts  much  more  rapidly  upon  it,  and  it  is  liable  moreovei'in 
M.L.  guns  to  hold  a  piece  of  ignited  cartridge.     Few  instances  have 
occurred  in  which  defects  in  coiled  barrels  have  caused  accidents  or  have 
increased  in -any  material  degree  after  issue,  unless  they  exist  in  tlie 
powder  chamber,  and  for  this  reason  no  guns  have  been  issued  for  some 
years  past  with  any  defect  except  of  the  most  trifling  cliaracter  in  that 
part  of  the  bore. 

*  A  chip  or  ji^iu  of  sand  getting  between  boring  or  rifling  head  will  came  socfa 
tool  marks,  while  the  emery  powder  used  in  lapping  leaves  very  fine  marks  oo  the 
hard  surface  of  the  steel  tubes. 

t  The  material  of  which  the  barrels  are  made  has  for  some  years  past  been  tUMiBft^ 
on  the  muzzle,  and  is  also  entered  in  the  **  memorandum  of  ezaainatiQii." 
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It  has  been  found  that  in  MX.   guns  haviug   coile<l   iron  barrelK   CHAP.  XII. 
((j4-pr8.  and  a  few  of  the  heavier  natures,  see  p.  30),  the  tube  is  liable  : — : 

to   split   in   the   chamber  in  continuation   of  the  edffe  of  one  of  the  l^°g»tuaiDaI 
grooves.     This,  together  with  the  difficulty  of  getting  the  material  sound,  barrels, 
has  led  to  the  abandonment  of  coiled  iron  for  the  barrels  of  all,  except  the 
converted  guns,  in  which  there  is  a  peculiai*  gas  escape  to  indicate  when 
the  breech  portion  of  the  inner  tube  is  split. 

(4.)  Steel  barrels  are  fortunately  free  from  the  defects  so  inherent  to  Defects  in 
wrought  iron,  and  generally  show  us  a  beautifully  smooth  and  even  ^^^^  barrels. 
surface,  very  slightly  scored  by  a  number  of  very  minute  tool  marks. 
Occasionally  a  small  piece'  is  found  chipped  out  as  it  were,  but  leaving 
a  smooth  hollow  behind  it,  which   if  small  is  quite  an  unimportant 
defect. 

Longitudinal  cracks  at  times  occur  which  devclope  iuto  splits.    When  Longitudinal 
such  are  found  they  are  of  fai*  more  importance  than  similar  cmcks  in  a  cracks, 
wrought  iron  tube. 

A  few  instances  have  occurred  in  which  sto<4  tubes  have  split  on  Splitting  of 
service  from  the  bursting  of  a  shell  inside  the  bore  ;  in  some  of  these  s^®^  barrels, 
the  tube  split  at  the  muzzle.     In  cases  where  steel  barrels  have  split  in  ^^^  caused. 
M.L.  experimental  guns  when  being  tested  for  endurance,  the  crack  has 
commenced  at  the  edge  of  one  of  the  grooves  (as  in  ooiled  barrels)  and 
extended  into  the  powder  chamber;  as  a  ci*ack  in  the  chamber,  should  it 
exist,  might  be  so  fine  as  not  to  be  visible  from  the  muzzle,  it  is  essen- 
tial that  impressions  in  gutta-percha  should  in  all  cases  be  taken  of  the 
chamber  of  rifled  M.L.  guns,  as  before  stated,  and  care  must  be  taken 
to  discriminate  between  a  crack  and  a  superficial  streak  or  tool  mark. 

(5.)  Scoring  or  guttering  was  caused  by  the  rush  of  gas  round  *  Scoring  or 
the  projectile  in  B.M.L.  guns  due  to  windage,  and  was  common  to  both  guttering. 
iron  and  steel  barrels.     In  small  guns  this  was  very  slight,  but  when 
very  heavy  charges  were  used  the  surface  of  the  bore  was  gradually 
eaten  away  to  a  considerable  extent,  but  even  in  extreme  cases  scoring 
has  not  caused  the  destruction  of  a  gun,  though  in  some  instances 
acting  on  the  corner  of  a  groove  it  has  tended  to  split  the  tube.     For- 
tunately we  may  now  look  upon  this  species  of  defect  as  a  thing  of  the  prevention  of 
past,  for  by  the  new  mode  about  to  be  adopted  of  closing  the  windage  scoring  by 
upon  firing,  scoring  will  be  entirely  prevented.  gas  cheeks. 

Thus,  upon  examination  of  the  80-ton  gun  after  firing  94  rounds  of  Gas  checks 
charges  of  370  lbs.  powder,  copper  gas  checks  having  been  employed  to  prevent 
with  all  the  projectiles  fired,  the  surface  of  the  tube  showed  hardly  the  •co"ng- 
least  trace  of  scoring. 

(6.)  Again,  wo  have  sometimes  "  dents  "  or  "  abrasions  "  caused  by  Dents  or 
the  bursting  of  a  shell  in  the  bore ;  these  are  as  a  rule  of  very  little  abrasions 
importance.     In  one  or   two  instances  muzzles   have  been   blown  off*  ^^^  *?  ^hell 
from  this  cause ;  but  generally  the  only  result  is  to  cut  up  and  graze  ^'^^^^^K- 
the  bore  more  or  less.     It  is  found  that  such  injuries  seldom  interfere 
with  the  efficiency  of  the  piece,  and  an  armourer  can  generally  file  down 
any  metal  set  up  in  the  bore. 

Senteiice  as  to  bore. 

In  sentencing  a  gun  according  to  the  state  of  the  bore,  it  is  essential  Sentence 
to  discriminate  between  defects  which  are  characteristic  of  the  material,  as  to  bore. 
and  cannot  wholly  be  avoided  in  manufacture,  and  those  which  are 
created  or  developed  on  service,  such  as  cracks  in  a  steel  tube.    In 


*■  Thia  wear  is  principally  over  the  top  of  the  projectile  whei*o  >Tindage  is  greatest 
owing  to  projectile  resting  on  its  lower  studs. 
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Sentence  on 
coiled  barrelfl. 


CHAP.  XII.    coiled  barrels  defects  are  often  numerous  and  generally  of  little  impor- 

tance,  while  in  steel  barrels  the  case  is  reversed  ;  defects  seldom  occur, 

but  when  they  do  they  are  of  great  importance. 

It  is  almost  impossible  to  lay  down  any  definite  rules  as  regards  the 
extent  or  depth  of  a  defect  which  should  necessitate  the  condemnation 
of  a  barrel  ;  a  great  deal  must  be  left  to  the  judgment  and  experience 
of  the  inspector. 

Unless  there  is  reason  to  believe  that  there  has  been  some  material 
change  from  the  former  state  of  the  defects,  a  gun  with  a  coiled  barrri 
need  not  be  condenmed.  Speaking  generally,  the  depth  of  a  defect  is  of 
more  importance  than  its  extent,  but,  should  a  defective  weld  run  ripki 
round  the  bore,  the  gun  would  be  liable  to  part  at  that  point,  and  most 
be  considered  unserviceable.  The  best  method  of  testing  a  gun  is 
to  take  an  impression  of  the  defect,  then  to  fire  a  few  rounds  and  take 
another  impression ;  if  on  comparing  these  impressions  the  defect  does 
not  appear  to  have  increased,  the  barrel  may  be  considered  as  serviceable. 

In  solid  forged  barrels  a  flaw  nmning  lengthways  has  a  tendency  to 
develop  into  a  crack,  especially  if  it  occur  in  the  powder  chamber.  If 
the  inspector  finds  a  case  of  this  kind  he  will  put  the  gun  aside,  but  he 
will  endeavour  to  discriminate  between  this  and  a  mere  streaky  line, 
which  is  unimportant. 

As  to  steel  barrels,  any  crack,  however  fine,  would  necessitate  the 
provisional  condemnation  of  the  gun. 


Solid  forged. 


Steel  barrel. 


Examinatiou 
of  vent. 

Gauging. 


ImpretslonB  of 
vents. 


Eflfeot  of  firing 
on  rents 
of  rifled  ILL. 
guns. 


Be-venting. 


Examination  of  Vent. 

Besides  examining  the  bore  of  a  gun  it  is  necessary  especially  to 
examine  the  vent-bush  itself,  and  that  part  of  the  chamber  or  bore  of 
the  piece  where  it  enters.  For  this  purpose  in  S.B.  and  R.M.L.  guns,* 
the  vent  channel  is  thoroughly  cleared  and  scraped,  and  then  gauged 
by  means  of  a  set  of  gauges  issued  for  the  purpose. 

It  is  not  uncommon  to  find  a  '<  choke  "  where  the  metal  has  been  set 
up  near  the  bottom  of  the  vent ;  this  should  be  removed  by  a  drill  or 
rimer  before  the  gauge  is  taken. 

A  clean  impression  of  the  bottom  of  the  vent  must  also  be  taken,  this 
will  be  taken  with  the  improved  instruments  for  taking  impressions  of 
bores,  the  plates  for  which  are  now  fitted  with  ends  to  suit  the  chambers 
of  guns  {see  §  2032),  or  they  may  be  taken  with  the  instrument  pro- 
vided among  the  tools  for  venting  ordnance,  if  this  latter  and  the  proper 
blocks  are  at  hand. 

Defects  as  to  ventj  and  sentence. 

The  effect  of  service  on  a  vent  is  seen  either  by  a  gradual  increase  to 
the  channel  of  the  vent  itself,  by  an  irregular  wearing  away  of  the 
bottom,  by  the  metal  of  the  vent  setting  up,  and  the  gas  forming  a  hoUow 
ring  round  it,  or  by  fissures  or  hair  lines  radiating  into  the  metal  of  the 
bore  fipom  the  edge  of  the  vent  bush. 

The  following  are  the  existing  regulations  as  to  sentencing  gans,  etther 
for  re-venting  f  or  condemnation,  according  to  the  state  of  their  vents. 

(1.)  S.B.  and  Riflcnl. — To  be  re-vented  if  0"-3  gauge  passes  down. 

(2  a.)  S.B.  unbushe<l  J    giins. — Should   there    be  a  cavity   at  the 

♦  B.B.L.  guns  being  vented  through  the  breech-block  or  yent-piece>  vide  p.  Wi 
for  mode  of  examining  the  same. 

t  For  re-venting,  vide  p.  318. 

t  Very  f^w  of  such  guns  woold  now  be  found,  as  all  guns  isnied  from  B.OX 
since  1855  have  been  bushed.  Still  S.B.  guns  might  have  to  be  drawn  ftoa  Itoi* 
abroad  where  unbushed  guns  are  occasionally  on  charge. 
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bottom,  or  any  hair  lioea  or  fiseares,  the  extent  of  the  defects  will  be    CHAl'.  XU. 
measured  on  the  impreaaion.     If  they  be  of  a  length  beyond  '  2-inch,  bnt  — — 

not  exceeding  ■  35-inch  from  the  original  centre,  the  gnn  will  be  sentenced  L^"^"* 
for  cone  ventiD^  ;  if  •  35-inch,  but  not  5-inch,  for  through  venting  i  if  *^' 
beyond  that  limit,  the  gun  will  be  reported  provisionally  as  unaerviceable 


UNBUsnED  Guvs. — Fig. 


(2  i.)  S.B.  Bushed  guna.  The  defects  usually  found  round  the  vent  of  Buihed  gmu. 
bushed  guns,  are  the  giving  way  of  the  iron  round  the  bush,  from  the 
g»;gettiiig  in  between  the  two  metals  (««  Fig.  2),  and  the  fissures  or 
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CHAf.  XIL     luur  IJDi-s,*  which  nMliatc  in  the  iron,  from  the  edge  of  tho  vcot  hoili 


The  meta]  rouad  a  bush  be^ns  to  give  way  almost  immediately  after 
a  giin  ia  vcBted,  forming  a  hollow  ring  I'ound  it,  which  gradually  in- 
civasea.  So  long  as  this  wear  ie  uniform,  and  the  edges  are  not  jagged 
it  ta  not  of  importance  ;  and  guns  will  not  be  re-vented  or  condemned 
for  Ibis  cause  until  the  ring  has  become  0- 1-inch  deep,  or  O'l-inch 
wide.  If,  however,  the  edges  are  ragged,  or  if  one  aide  has  given  way 
much  more  than  the  other,  so  as  to  be  likely  to  hold  a  piece  of  uncon- 
eumed  cartridge,  the  oxamiuer  must  use  bis  discretion  as  to  sentenciag 
the  gun,  it  being  impossible  to  lay  down  fixed  rules  for  all  cases. 

Fissuivs  or  hnir  lines,  ra<liating  in  the  iron  from  the  edge  of  the  bash, 
will  be  found  in  bushed  guns.  There  will  ot^en  be  one  on  either  side, 
and  a  third  to  the  front.  Tlie  examiner  will  carefully  trace  the  fine 
lines  on  the  gutta-percha  impressions,  and  if  they  extend  more  than  one- 
tenth  part  of  the  circumference  of  the  bore  in  any  direction,  measartd 
from  tbo  original  centre,  he  will  provisionally  condemn  the  gun.  One- 
tenth  may  be  taken  as — 

-     2^  inches. 


32  ,. 

24  ,. 


1| 


(3.)  It.M.L.  IShould  the  ring  (Fig.  2)  ttlwve,  worn  away  round  bottom 
of  bush,  bo  0"  ■  1  wide  or  ileep,  or  jagged  and  irregular,  so  as  to  be  in  Um 
opinion  of  the  examiner  likely  to  retain  a  piece  of  cartridge,  the  gon 
would  be  condemned  for  re- bushing  and  if  possible  with  a  cone  bush  (vide 
p.  31!)).  If  already  through  biixhed  the  gun  must  be  condemned.  la 
cose  of  hair  lines  radiating  from  the  edge  of  the  vent  in  uteel  lined  pieces 
tho  giin  must  bo  provisionally  condemned  should  the  hair  lines  be  l-inch 
in  length,  unless  when  directly  to  tbe  front  or  rear,  when  the  limit  of 
condemnation  is  smaller,  1  inch,  owing  to  that  position  being  the  wont  for 
the  development  of  a  crack.  The  measurements  are  taken  from  the  edp 
of  the  bnsh. 
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Examination  of  R,B,L,Jittings.  CHAP.  XII. 

We  next  come  to  the  fittings  of  R.B.L.  guns. 

( 1 .)  The  breech-screw  will  be  examined  with  the  straight-edge,  in  Examination  of 
order  to  ascertain  that  the  face  is  quite  flat  and  true ;  if  it  be  not,  it  will  breech-screw, 
be  filed  ;  the  thread  should  be  examined  by  tapping  with  a  wood  mallet,  ^^^'j  **PP^*>   , 
and  should  not  be  broken  or  burred,  but  a  considerable  portion  may  be  ^^      ^^^  ^^°^' 
removed,  if  injured,  without  destroying  the  efficiency  of  the  screw. 

The  lever  and  tappet  should  be  sound  ;  the  lever  handles  of  naval 
guns  are  sometimes  broken  oft',  but  the  lever  can  still  be  used  in  this  state, 
though  not  so  conveniently.     The  keep  pins  must  be  sound. 

(2.)  The  vent-piece  is  the  most  important  fitting,  and  should  be  per-  Vent-piece  and 
fectly  sound,  neither  cracked  nor  bulged.  The  back  and  sides  when  breech  bush, 
tested  by  the  straight-edge,  should  be  quite  flat  and  true :  the  fracture 
of  vent-pieces  is  frequently  owing  to  the  back  not  being  true  to  the  face 
of  the  screw.  The  copper  ring  on  the  vent-piece,  as  well  as  the  breech 
bush  at  the  end  of  the  barrel,  must  be  sufficiently  high  to  prevent  the 
action  of  the  gas  on  any  part  of  the  iron.*  The  angle  face  of  the  7-inch 
vent-pieces  should  be  flat,  and  should  work  truly  against  the  end  of  the 
barrel,  and  the  "  nose  "  should  fit  closely,  but  not  too  tightly,  into  its 
place.  The  bush  of  a  breech-loading  gun  will  be  sentenced  to  be  re- 
newed if  found  to  be  so  much  expanded  that  the  gas  could  escape 
between  it  and  the  tin  cup  or  vent-piece,  and  when  it  is  not  possible 
to  remedy  the  same  by  facing.  The  copper  bushes  in  the  neck 
of  the  vent-piece  should  be  in  good  order  ;  if  they  are  so  much  worn 
that  a  0*3-incli  gauge  can  pass  through,  the  friction  tube  is  liable 
to  be  pulled  out  without  being  fired,  and  the  bushes  will  be  renewed 
from  the  spare  sets  issued  for  the  purpose.  A  cavity  frequently  forms 
at  the  angle  of  the  vent  channel,  but  this  (which  should  be  examined 
with  a  probe)  does  not  entail  the  immediate  condemnation  of  the  vent- 
piece,  unless  the  examiner  considers  it  dangerously  large. 

The  cross-head  should  not  be  loose,  as  instances  have  occurred  of  its  Cross  head, 
being  broken  off  whilst  firing. 

Examination  of  Exterior. 

In  examining  the  exterior  of  a  cast  iron  gun  the  points  to  pay  attention  Defects  on 
to  are  the  soundness  of  the  trunnion  and  cascable  loop.  exterior  of 

Very  considerable  defects  may  exsist  on  the  exterior  of  a  wrought  fS"^^* 
iron  gun,  without  the  strength  being  affected.     Hardly  an  instance  has 
yet  occurred,  with  the  present  class  of  rifled  ordnance,  of  the  exterior 
of  a  gun  failing,  unless  the  interior  has  first  shown   signs  of  weakness, 
or  been  strained  in  an  extraordinary  manner. 

Defective  welds  on  the  exterior  near  the  muzzle  are  sometimes 
developed  in  the  B  tube ;  tliese  are  of  no  practical  importance,  and  a 
gun  should  not  be  condemned  on  such  grounds  alone,  though  it  should  be 
exchanged  when  an  opportunity  offers. 

If  it  be  found  that  a  shell  has  burst  in  the  bore,  the  exterior  will  be 
thoroughly  scraped  with  old  swords,  and  cleaned  (with  potash  water,  if 
necessary),  in  order  to  ascertain  whether  it  is  perfectly  sound. 

It  occasionally  happens  with  wrought  iron  guns  that  on  firing  the  Rifled  gnns. 
outer  coils  shift ;  if  on  examination  the  shifting  is  found  considerable, 
the  gun  will  be  provisionally  condemned,  but  a  slight  shift,  which  is 
sometimes  perceptible  when  the  gun  is  first  used,  and  which  has  gone 
no  further  afterwards,  may  be  disregarded.  Unless  there  be  reason  to 
suspect  damage  on  the  exterior,  it  will  not  be  necessary  to  scrape  the 
whole  of  the  paint  off  the  exterior  whenever  a  gun   is  examined. 

*  Particular  attention  should  be  paid  to  the  fitting  and  facing  of  vent  copper  ring  and 
breech  bush,  especially  with  the  40-pr.  R.B.L.,  where  they  should  be  frequently  faced. 
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Large  defects  on  the  exterior  are  noted  on   the  <*  Memorandmn  of 
Examination." 


Repairs  in  the 
field. 


RepaiFR  at 
Rtations. 

RepairB  in  an 
arsenal. 


Coppering 

B.L.  gUD8. 


Inserting  a 
breech  bush 
copper. 


The  above  sketch  represents  a  defective  weld  in  the  exterior  of  the 
"  B"  tube  of  a  9-inch  R.M.L.  gun.  The  opening, after  7  rounds  (2  bat- 
tering, 5  full),  extended  SO" '5  round  the  chase  at  about  12^'  from 
muzzle.  The  gun  was  then  sent  to  the  Royal  Gun  Factory  for  exami- 
nation and  repair.  It  was  submitted  to  the  test  of  firing  40  battering 
rounds,  and  the  crack  then  extended  16'' '5  farther,  but  no  othei*  altera- 
tion took  place. 

This  result  shows  that  defective  welds  near  the  muzzle  are  of  no 
practical  moment,  and  that  no  gun  should  be  condemned  on  such  grounds 
alone,  although  it  should  be  exchanged  when  opportunity  offers. 

Repairs. 
The  repairs  of  guns  and  fittings  may  be  divided  into  : — 

I.  Repairs  which  can  be  carried  out  in  the  field  with  the  stores 
issued  for  the  purpose,  or  such  as  can  be  improvised. 

II.  Such  as  can  be  carried  out  at  certain  stations  provided  with 
special  means. 

III.  Those  which  must  be  performed  in  a  large  arsenal. 

I. — ^Repairs  in  the  Field. 

(a.)  E,B,L.  Coppering^  t.6.,  replctcing  or  repairing  breech  bush  * 
copper  or  vent-piece  copper  ring^  as  the  case  may  be. 

Detailed  instructions  are  contained  in  the  boxes  of  implements  t  issued 
for  refacing  and  renewing  both  the  vent-piece  copper  ring,  and  the 
breech  bush  copper.  In  the  operation  of  refacing,  only  just  sufBcicnt 
copper  must  be  removed  to  render  the  angle  fiuse  quite  smooth  and  true. 

A  bearing  is  put  into  the  bore  in  front  of  the  bush  for  the  boring 
spindle  to  work  upon,  and  the  face  of  the  breech  bush  which  is  to  fit 
against  the  A  tube  being  red-leaded,  the  bush  is  screwed  into  the  gun  as 
a  trial,  and  on  being  unscrewed,  if  the  red  lead  shows  it  does  not  fit  all 
round,  it  is  scraped  or  filed  do>vn  on  the  high  parts.  It  is  important 
that  the  face  should  fit  perfectly  tight  to  the  barrel,  for  if  the  slightest 
space  be  left,  the  powder  gas  would  eat  into  it.  On  being  screwed  in 
finally  it  is  sent  well  home  by  striking  the  lever  with  a  handspike.  The 
ring  is  then  upset  with  the  upsetting  block  ;  it  is  next  bored  out,  the 
Fpindic  is  introduced  through  the  breech-screw,  there  being  two  bearings 


•  As  to  7-inch  bush,  vide  p.  182. 

f  Kaoli  B.L.  battery,  in  addition  to  spare  articles  connected  with  the  breech-loadiiig 
apparatus,  is  supplied  with  a  box  of  facing  implements  weighing  105  lbs.,  and  con- 
taining 25  articles  required  for  refacing  the  vent-pieces  and  bush  rings,  and  with  a 
set  of  special  tools  in  two  boxes,  together  weighing  83  lbs. 
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in  the  breech-screw,  one  in  finnt  aad  one  behind,  and  the  knife  is  fixed    CHAP.  XII. 

throngh  the  spindle  in  the  vent  dumber ;  the  spindle  is  turned  by  b  

-wrench  and  fed  to  its  work  by  means  of  the  breech-acrew.  After  boring, 
B  different  tool  is  fitted  through  the  spindle,  and  the  copper  is  faced 
to  within  -03  of  sn  inch  of  the  fece  of  the  A  tube,  the  cone  part  being 
left  -15  broad. 

SCBEWTSQ  IN  BBBBCB  BDSK  COPFEK. 

(Diagram  No.  1.1 


SSTTWo-up  BaxBcn  Bcsn  Copper. 
(Digfrmm  No.  S.) 


:,.  '"  9    '  I ■- 
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Btnina  aho  PAcmo  Bekkr  Bdsr  Coppbb. 
(Diafcram  No.  3.) 


WmmA--^^^  HJ 


Asai.E-FACiHO  Buekch  Busn  CorrRR. 
(Diiifcrain  Ko.  4.) 
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The  vent-piece  copper  ring  can  be  repeatedly  re&ced  until  the  angle    CHAP.  XII. 

face  and  the  back  edges  meet.    AAer  this  it  can  be  removed  by  etriking  

it  a  few  smart  blows  with  a  hammer  on  the  cone  face,  when  it  ia  so 
expanded  that  it  flies  ofi*.  The  new  one  is  put  on  by  band,  and  the 
vent-piece  having  been  placed  in  the  gun  front  to  the  rear,  the  ring 
is  forced  on  by  screwing  up  the  breech-screw.  It  ie  well  to  place  one 
of  the  gnide  blocks  in  the  fitce  of  the  breech-screw  to  prevent  its 
injuring  the  copper. 

The  operation  of  re&cing  is  shown  in  the  diagram  below ;  the  facing  Be&ciog 
tool    forming  a  conic^  lace  exactly  fitting  into  the  hollow  made  in  vent-^ece. 
breech  bush. 


AnoLE  FAOiNO  VzNT-pixoB  BiHO.    (Diagram  H 


(J.)  Re-venting  a  Venl-piece. 

In  boring  out  the  old  bush  a  bearing  can  be  obtuned  for  the  drill  by  To  re-vetit 
lashing  a  handspike  across  the  wheels  and  performing  the  operation  ^'^- '"  **" 
with  the  vent-piece  placed  in  the  gun.     Care  mnst  be  taken  to  drill    "   • 
right  down  to  the  bottom  of  the  copper  before  removing  the  screwed 
piece  at  the  top,  otherwise  some  d^culty  will  be  found  in  removing 
the  lower  piece  (or  pieces).    The  bush  is  to  be  renewed  from  tJie  ^ai'e 
ones  issued  for  the  purpose  in  the  manner  described  at  page  133. 

401S3.  u 
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(c.)  AdjusHng  New  TVunnion  Sights. 


Acyuftiog  new       Fore  sights,  whether  on  the  trunnion  ring  or  elsewhere,  are  liable  to 
tronnkm  sighu.  get  damaged  on  service,  and  as  the  spare  sights  are  issued  with  rough 

leaves^  some  simple  mode  of  adjusting  a  new  fore  sight  should  be  known. 


Requisite 
materiabi. 


Operation. 


Re-adjusting  Trunnion  Sights  of  B,L.  Field  Guns  on  Service  without 

the  aid  of  Sighting  Instruments. 

As  sighting  instruments  are  no  longer  issued  to  batteries  and  onlj 
to  some  stations,  it  may  be  found  necessary  to  adjust  damaged  trunnion 
sights  on  sei-vice  without  them,  this  may  be  done  in  the  following 
manner,  viz.,  by  making  wooden  copies  of  the  proper  instruments. 

The  requisite  materials  are  : — 

Two  blocks  or  discs  of  wood  to  fit  into  breech  and  muzzle. 

Two  rectangular  pieces  of  wood  long  enough  tx)  project  beyond  the 
tangent  sights  on  each  side,  and  of  such  width  that  the  upper  edge  shall 
be  level  with  the  top  of  the  right  tangent  sight,  when  the  lower  edge 
coincides  with  the  line  of  horizontal  axis  marked  on  the  breech  and 
muzzle. 

Four  screws  to  fasten  these  pieces  together. 

Two  silk  or  fine  threail  lines. 

The  object  of  the  following  operation  is  to  obtain  a  line  on  each  side 
of  the  gun  through  the  tangent  sight  notch  parallel  to  the  axis  of  the 
bore. 

(1.)  Remove  the  breech-screw  and  fasten  the  breech  and  muzzle  discs 
in  the  gun  securely  by  wedges. 

(2.)  Fasten  the  two  rectangular  pieces  together  and  plane  their  lower 
edges  a  b  (see  Fig.  7)  level,  treating  them  as  one  piece.    Then  square  up 
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'  a  line  c  d^X  the  centre  of  each  at  right  angles  to  a  ^,  and  cut  away  tie 
wood  on  one  side  of  r,  in  order  that  c  d  may  be  brought  against  the  v^ol 
line  on  the  face  of  the  breech  or  muzzle! 

(3.)  Now  bring  a  h  against  the  horizontal  line,  and  c  d  the  vertical  lio® 
marked  on  the  breech,  and  fasten  the  boards  by  two  screws  to  the  disc 
in  the  breech  of  the  gun. 

(4.)  Cut  away  the  top  until  it  b  level  with  the  bottom  of  the  notch 
of  the  tangent  sight  on  each  side,  the  left  side  ^  ^  will  require  to  be 
rut  away  more  than  the  right. 
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(5.)  Then  with  a  rule  brought  by  eye  parallel  to  the  axis  of  the  gun,    CHAP.  XII. 
mark  lines  8  8  on  the  top  of  the  boards  opposite  the  tangent  sight  notches  """" 

on  each  side ;  this  can  be  done  sufficiently  accurately  by  eye,  as  any  eiTor 
is  corrected  in  the  after  operations. 

(6.)  Remove  the  boards  from  the  gun  and  separate  them,  fastening 
one  at  the  breech  and  the  other  at  the  muzzle,  taking  care  to  adjust 
them  to  the  horizontal  and  vertical  lines  on  the  gun. 

(7.)  Stretch  silk  lines  on  each  side  of  the  gun  from  the  marks  8  8 
on  the  breech  and  muzzle  board  ;  they  siiould  pass  exactly  through 
the  bottom  of  the  notch  of  the  tangent  sights.  If  they  do  not  they 
mast  be  moved  to  the  right  or  left  until  they  do,  but  care  must  be  taken 
always  to  move  the  line  the  same  amount  both  at  breech  and  muzzle, 
s«  as  to  keep  it  parallel  to  its  original  position.  These  lines  are  parallel 
to  the  axis  of  the  gun. 

(8.)  The  leaf  is  filed  down  to  the  right  heiglit,  i.e.,  the  level  of  the  Adjusting  new 
silk  line.     In  doing  this  it  is  usual  to  raise  the  silk  both  at  breech  and  trunnion  sights, 
muzzle  by  the  thickness  of  a  piece  of  paper,  when  it  should  just  clear 
the  leaf,  and  when  the  paper  is  removed  it  should  touch  the  same. 

(9.)  The  position  for  the  apex  on  the  trunnion  sight  is  then  ascer- 
tained by  the  length  of  radius  for  each  nature  of  gun  (see  table), 
measured  from  the  notch  on  the  tangent  sight.  The  apex  is  not  in  the 
axis  line  of  the  sight,' except  in  6-prs.  and  9-prs. 

In  12-prs.  it  is  0"*05  to  the  rear. 

„  20-prs. 
„  40-prti.  }     0"-2  „ 


„  7-inch 


I     0"r 


(10.)  Remove  the  sight  from  the  gun,  place  it  in  a  vice,  and  file  down 
the  front  and  back  slopes.  The  slopes  should  be  sufficient  to  form  a 
point  when  the  gun  is  at  its  highest  elevation. 

(11.)  Replace  the  sight  in  the  gun  and  file  down  the  lateral  slopes, 
so  that  a  true  edge  is  obtained  under  the  silk  line,  care  being  taken  that 
the  top  of  the  leaf  is  not  made  too  sharp,  as  it  would  be  liable  to  injury. 
In  the  case  of  a  screw  trunnion  sight,  a  curved  line  is  marked  by  a 
scriber,  to  show  the  position  of  the  metal  surface  of  the  trunnion  when 
the  sight  is  screwed  home. 

(12.)  The  trunnion  sight  is  again  removed  and  the  back  slope  is 
roughed,  so  that  in  laying  a  gun  there  may  not  be  too  bright  a  reflection 
presented  to  the  eye. 


{d.)  R.M.L. — Replacing  a  broken  Clamping  Screwy  d-pr.  L,S. 

The  mill-headed   screw  employed  to  clamp  the  tangent  sight  of  the  Replacing 
9-pr.  R.M.L.  guns,  Mark  I.  and  II.,  L.S.,  is  occasionally  broken  off  near  broken  clamp- 
the  head,  and  can  be  replaced  as  follows : —  "^^  screw. 

Remove  the  screw  (A)  which  secures  the  steel  projecting  patch  (B), 
drive  out  the  latter  in  the  direction  of  the  breech  by  means  of  a  copper  set. 

With  a  piece  of  hard  wood  applied  through  the  hole  bored  in  the  gun 
for  the  reception  of  the  sight,  drive  out  the  gun  metal  sight  socket. 

Take  out  the  broken  clamping  screw  through  the  hole  in  the  back  of 
the  socket,  replace  it  by  a  new  one,  and  put  the  socket  back  into  its 
place,  securing  it  there  by  reversing  the  foregoing  operations. 

u  2 
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9-rm.  WaouoBT  Ikox  B.MJ.  Ocx  or  8  Cwt. 

DiagruB  miutTBtiBg  the  iqibdog  <ir  »  teakai  CbBpiDg  Soew. 
tfhDSok. 


AdJaitlnff 
It.M,l,.  Ion. 
righuoii 


(e.)  Adjutting  neto  /ore  Sight. 

7-pr.  or  9-pr. — Spare  dispart  sighU  are  issued  rough,  in  cue  tbs 
Higbt  in  the  gun  ehoiild  get  broken,  and  a  wrench  is  sup^ied  fff 
removing  and  replacing  it.  To  fit  the  new  one  it  will  be  neceeMry  to 
level  the  gtin  longitudinally  along  the  bore,  and  to  acrew  the  roa^ 
Night  home  into  the  dispart  patch,  bringing  its  leaf  parallel  to  the  axK 
Tlien  file  the  top  down  until  it  is  level  with  the  bottom  of  the  notdi  iv 
the  tangent  sight.  This  can  be  done  b;  placing  a  piece  of  metal  tlM 
thickness  of  the  depth  of  iioteh  on  the  top  of  the  fore  sight.  MsHvn 
thn  radius  bUo  from  the  back  of  the  tangent  sight,  and  file  the  h»A 
and  front  slopes.  With  a  rule  or  straight-edge  mark  the  centre  liseM 
the  to{)  of  the  leaf  opposite  the  line  of  verbcsl  axis  engraved  on  tb> 
(liniHirt  patch  and  muzzle  of  the  gun,  and  file  up  the  front  side  slcfal^ 
this  lino.    Romove  the  sight  from  the  gun,  rough  the  back  slopCi  detf 
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and  blue  it  (as  described  at  p.  373),  and  replace  it  in  the  gun  in  the   CHAP.  XII. 
same  position.  

16-pr. — ^To  adjust  a  new  screw  trunnion  sight  for  a  16-pr.  R.M.L.  A^jostmg  a 
gun,  proceed  as  follows  : —  ^,^^  trunnion 

Screw  in  the  new  sight  with  rough  leaf,  then  place  the  gun  upon  ?£^^^?ffry 
level  ground  and  lay  with  an  undamaged  sight  upon   some  distant  ^^'    '       * 
object    (not   less   than   2,000   yards   away),   the  tangent  sight  being 
at  zero.     File  down  the  top  of  the  leaf  of  the  new  sight  until  it  is  in  a 
line  with  the  bottom  of  the  notch  of  its  tangent  sight  and  the  object. 

Mark  the  length  of  the  radius  from  the  back  of  the  tangent  sight^ 
mark  the  muzzle  direction  on  the  sight  leaf,  then  remove  the  sight 
and  file  up  the  front  and  back  slopes. 

Replace  the  sight  and  file  down  the  side  slopes  until  the  gun  is 
accurately  laid  on  the  same  object  by  both  sights,^ 

Rough  the  back  slope,  polish  and  blue  the  sight)  and  so  complete  it. 

N.B. — ^There  is  a  slight  error  in  this  method,  for  the  line  of  sight 
will  cross  at  the  distance  of  the  point  upon  which  the  gun  was  laid. 

The  following  is  another  method  which  may  be  adopted,  but  which  is 
less  accurate  than  the  foregoing  in  some  points  and  requires  more  time 
and  material. 

It  is  less  accurate  in  some  cases  because  the  sights  are  not  interchange- 
able in  reality  (as  mentioned  at  p.  196),  and  they  are  here  treated  as 
though  they  were. 

1.  Place  a  block  of  wood  in  the  muzzle  of  the  gun,  and  on  its  face 
pivot  a  piece  of  wood,  having  an  oblong  slit  cut  in  it  through  which  a 
screw  passes  forming  the  pivot,  and  also  serving  to  tighten  it  against 
the  disc  in  the  bore. 

2.  Stretch  a  silk  line  from  the  bottom  of  the  tangent  sight  notch 
across  the  top  of  the  undamaged  trunnion  sight,  and  attach  it  to  the 
piece  of  wood  pivoted  on  the  muzzle  disc,  which  must  then  be  screwed 
up  tightly.  The  silk  line  will  give  us  a  lino  parallel  to  the  axis  of  the 
piece,  and  passing  just  over  the  centre  of  the  leaf  of  the  fore  sight. 

3.  Remove  undamaged  sight,  and  in  its  place  screw  that  which  is  to 
be  adjusted  (with  a  rough  leaf),  file  its  leaf  down  until  level  with  the 
silk  line,  mark  the  apex  by  measuring  the  length  of  radius,  also  muzzle 
direction  of  leaf,  remove  the  sight  and  file  down  the  front  and  back 
slopes,  then  replace  it  in  the  gun  and  file  the  side  slopes,  using  the  silk 
line  as  a  guide. 

4.  Take  out  the  sight  so  adjusted,  and  screw  it  into  the  hole  on  the 
other  side  of  the  gun,  replacing  it  by  the  one  originally  removed. 

(6.)   Venting, 

With  a  siege  train  a  set  of  tools  (vide  p.  321)  will  be  supplied  in  the  Venting  tools 
proportion  of  one  set  to  30  guns,  for  the  purpose  of  re-venting  according  for  siege 
to  the  operation  described  at  p.  312.  ordnance. 

The  tools  are  of  a  light  description  and  will  not  occupy  much  room. 

n.— Repairs  which  can  be  performed  only  at  certain  Stations 

OR  ON   BOARD   CERTAIN   ShIPS. 

(1.)  Adjusting  Millars  sights  of  a  S.B,  Gun,* 

(1.)  The  gun  having  been  carefully  levelled  laterally  across  the  A^'osting 
tnmnions,  and  longitudinally  in  the  bore,  the  fore  and  hind  sights  are  sigats,  SrB. 
to  be  adjusted  so  as  to  fulfil  the  following  conditions : —  fi^*"^' 

^  The  neceesary  implements  for  the  performance  of  this  adjustment  are  given  in 
table,  p.  819. 
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CBAP.  XIL  Uu  Thej  are  to  be  the  exact  dutanoe  apart  aoeofding  to  tlie  ehort 
radian  given  in  So.  V.  Table,  p.  72. 

2n<L  When  tbe  Male  is  al  zero,  the  line  joining  the  top  of  hind  and  the 
top  of  fore  MgLt  mu^^t  be  parallel  to  the  axis. 

3rd.  When  the  «tf:ale  if  raised  to  the  fnll  elevation  marked  on  it, — 
that  iff  the  *^  clearance  angle,"" —  the  top  of  the  scale,  the  apex  of  the 
fore  sigbt,  and  the  highest  point  on  the  muzzle  of  the  gun,  most  be  in 
the  Kame  lim-. 

4th.  The  line  of  pight  mnst  \^  made  tocoiocide  exaetlj  with  the  same 
vertical  plane  as  the  line  of  metal. 

An  old  foH'  '^igllt  is  placed  looselj  on  the  gon  over  the  second  rein- 
fora;  ring.  This  and  tbe  himl  sight  are  adjusted  bv  hand  in  the  first 
place  until  the  conditions  are  fulfilled. 

llje  angular  level  is  used  to  bring  tbe  scale  to  the  angle  of  76^.  The 
po»iium  for  the  hind  sight  screw  holes  are  then  marked  with  a  scriber 
on  the  gun  throu^^h  the  holes pre^'iouslJ  drilled  andpimched  through  the 
Hiirht  block  and  lead  packing. 

The  hob's  are  drilliMl  bj  aid  of  the  instrument  called  *'  machine  drilling 
hind  sight/'  and  care  must  be  taken  to  drill  the  holes  perpendicular  to 
•  the  fac<^;  of  the  Highting  block,  so  that  the  heads  of  the  screws  maj  rest 
fairly  on  it ;  the  holes  are  then  tapped. 

T)i(^  hind  sight  )>eing  fixed,  the  scale  is  raised  to  a  little  more  than  the 
clearance  angle,  and  a  silk  cord  stretched  from  tbe  notch  on  it  to  that  on 
the  muzzle.  The  real  fore  sight  is  now  adjusted  so  as  to  bring  its  top 
under  the  silk  eord  at  the  proper  distance  from  the  tangent  sight. 

The  position  of  the  fore  sight  screw  boles  being  marked,  they  are 
drilled  and  tapiKHl,  and  the  sight  screwed  on.  The  head  of  the  sight  is 
then  filed  down  to  the  proper  height,  and  the  position  of  the  ridge  being 
marked,  it  is  unscrewed,  and  the  side  slopes  filed  down.  When  again 
screwed  on,  the  sighting  is  tested  to  ascertain  whether  the  whole  of  the 
conditions  an?  fulfilled. 

The  sights  and  lead  packing  arc  then  marked  with  tlie  number  of  the 
gun  to  which  they  have  been  fitted,  and  the  screws  are  also  marked  for 
their  particular  holes. 

When  guns  arc  mounted,  the  sigbt  screw  holes  are  filled  with  preser- 
ving screws,  but  these  are  to  be  removed  when  tbe  guns  are  shifted,  u 
the  Ncrew  heads  arc  liable  to  be  broken  off;  the  holes  are  then  filled  with 
tallow  and  white  lead  composition. 

(2.)  Re-venting  S,B,  cmd  R,M,L,  Guns, 

(a,)  The  oiKjration  for  8.B.  can  be  carried  on,  wherever  the  set  d 
H.H.  onlnanee.   tools  at  p.  321  exist,  and  is  performed  by  R.G.F.  Artificers  or  Armstrong 

Armourers  at  home,  and  by  the  latter  abroad.   Vide  Appendix,  p.  368,  fir 

llogulations. 

{b.)  In  the  case  of  heavy  R.M.L.  guns  tbe  necessary  tools  are  onl/ 

Hupplioil  to  the  following  stations, — Woolwich,  Malta,  Gibraltar,  B6^ 
lf«avy  U.M.L.  nnida,  Devonport,*  IIong-Kong,  and  Esquimault,  and  also  to  some  men- 
guna.  of-war  whore  qualified  engineers  are  present  who  have  been  espedallf 

instructed  for  tlio  purpose. 
Bpeelal  t<»uU  ^^  j  Special  tools,  p.  240,  being  required  for  re- venting  converted  guo8» 

ittnr*"^*  '*"*  s<»rvice  can  only  be  carried  out  at  Portsmouth,*  Malta,  Hong-Kong^ 

or  Esquimault. 

*  To  other  stations  at  home,  qualified  artificer!  with  the  necfMarf  looli  aie  Mat 
from  time  to  time. 
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(a&  b.)  With  regard  to  re-bushing  a  S.B.  or  R.M.L.  gun  proceed  as  CHAP.  XII. 
follows : —  

Be-venting  with  Cone  Vent. 

Proceed  as  if  venting  a  gun  for  the  first  time,  p.  67,  using  the  narrow  Re-venting 
drill  (B)  ;  when  the  hole  is  some  four  or  five  inches  deep,  turn  up  the  ^^^^  ^^^^  '^^^^' 
gan  and  make  the  hole  square  with  the  gravers'  chisel  hammer  into  it 
one  of  the  shortest  of  the  square  drifts,  and  try  to  unscrew  the  old  bush 
with  a  wrench.  Sometimes  the  whole  of  the  copper  vent  will  come  out, 
but  if  the  copper  has  been  much  set  up  in  firing  it  will  be  much  tighter 
and  probably  break  ;  the  drilling  must  then  be  repeated  until  the  whole 
is  removed. 

When  the  old  copper  vent  is  taken  away,  ascertain,  either  by  measuring 
it  or  taking  an  impression  of  the  thread  in  the  gun,  whether  it  is  a  six 
or  seven  thread  pitch ;  then  use  the  corresponding  set  of  taps  com- 
mencing with  the  lowest  number  to  clear  the  thread.  If  the  wrong  set 
of  taps  be  used  the  damage  will  be  irreparable. 

The  hole  in  the  gun  is  next  cleaned  with  tow,  and  the  copper  vent, 
well  oiled,  is  screwed  in  with  as  much  power  as  three  men  can  bring  to 
bear  upon  it.  The  head  should  not  be  wrenched  ofi',  as  a  fracture  might 
occur  below  the  surface  of  the  metal  of  the  gun. 

The  new  bush  when  properly  fixed  will  project  about  a  quarter  of  an 
inch  into  the  bore,  and  about  two  inches  above  the  surface  of  the  gun. 

Take  an  impression  of  the  part  in  the  bore  with  wax  composed  of 

Bees-wax     -  -  -    2  parts  1 

15oft  soap     -  -  -     1     „      >  Boiled  together. 

Treacle        -  -  -     1     „     J 

This  will  show  whether  the  cone  is  well  home,  and  that  there  is  no 
space  left  between  the  copper  and  iron. 

If  the  bush  is  home  proceed  to  cut  ofl'  the  end  in  the  bore.  The 
instrument  consists  of  a  cutting  tool  supported  by  a  metal  head  at  the 
end  of  a  long  bar ;  the  bar  is  kept  in  the  axis  of  the  bore  by  passing 
through  a  collar  fitting  into  the  muzzle,  it  is  worked  from  side  to  side  by 
two  levers  being  fed  up  by  a  small  screw  at  the  end  of  the  frame  ;  the 
spiral  spring  against  the  muzzle  collar  makes  the  knife  work  regularly. 
Care  must  be  taken  not  to  cut  into  the  iron  of  the  gun.  It  is  probable 
that  the  end  of  the  bush  will  not  be  cut  ofi*  quite  flush  at  first,  so  another 
impreasion  is  taken,  and,  if  necessary,  the  knife  must  be  fed  out  with  a 
sxDfdl  piece  of  tin,  and  the  process  repeated. 

It  is  necessary  that  the  copper  and  iron  in  the  bore  should  be  perfectly 
flash  with  each  other,  the  action  of  the  powder  being  much  greater  on 
anything  projecting,  however  slightly,  into  the  bore. 

Saw  off  the  outside  end  of  the  vent  to  within  about  a  quarter  of  an 
inch  of  the  patch  ;  chip  a  little  copper  away  from  the  mouth  of  the  vent 
to  prevent  it  becoming  choked  when  hammered,  chisel  it  also  at  the  edges, 
then  hammer  it  well,  next  chisel  it  off  flush  and  open  the  mouth  of  the 
vent,  and  pass  the  set  of  rimers  down  one  after  'the  other,  and  gauge. 
File  the  surface,  take  another  wax  impression  of  the  inside,  and  i?  all  is 
right  the  operation  is  finished. 

Re' venting  with  Through  Vents, 

This  is  precisely  the  same  operation  as  venting  with  cone  vents,  ex-  Re-ventinff 
cept  that  the  thread  is  carried  right  through  to  the  bore.    The  chief  with  through 
precaution  to  be  taken  in  venting  with  a  through  vent  is  not  to  make  ^^t. 
the  hole  too  wide  at  the  bottom,  and  not  to  break  away  the  last  thread. 
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CHAP.  Xll. 


Re-venting  Converted  Guns. 


Re-venting  Refintrding  (c.)  for  converted  guns  *  proceed  as  above  as  to  ronoving 

converted  guns,  ^j^  j,^^^ 

A  hole  being  drilled  through  the  old  bush,  and  then  enlarged  for  a  depth 
of  about  2  inches,  the  comers  are  squared,  a  drift  driven  in,  and  the  veot 
screwed  out,  it  will  eventually  break  away  from  the  portion  "set  up** 
from  the  interior  of  the  chamber,  which  can  be  driven  down  into  the 
bore,  and  so  taken  out. 

The  thread  having  been  cleaned  out,  the  new  bush  is  screwed  in,  set 
up  and  completed  as  described  in  the  case  of  first  venting  such  a  gun, 
vide  p.  239. 

In  case,  however,  of  re-venting  one  of  the  guns  mentioned  in  note, 
p.  239,  which  were  originally  vented  with  cone  vents  of  exceptional 
diameter  and  thread,  the  old  bush  is  removed  as  usual,  but  when  that 
operation  is  completed  the  gun  must  be  prepared  for  a  new  bush  as 
follows  : — 

Drill  out  the  hole  to  proper  size  for  through  bush  of  service  pattern 
and  tap  the  thread  for  the  same  as  usual. 

Then  cut  out  the  last  thread  of  female  thread  in  the  cup  by  means  of 
a  ^*  rose  cutter,''  take  an  impression  to  see  if  this  is  properly  removed, 
and  then  re- vent  as  already  described. 


Kc-buBhing 
7"  R.B.L. 
guns. 


(3.)  Re-b^uhing  7 -inch  R.B.L. 

As  the  re-bushing  of  7-inch  R.B.L.  guns  is  a  more  difficult  opera- 
tion than  that  of  copper  bushing  the  smaller  natures,  it  would  be 
performed  only  where  the  necessary  tools  are  provided,  which  is  at 
ail  large  stations  and  sub-arsenals  at  home  and  abroad. 

The  set  of  facing  implements  is  given  at  p.  320.  The  tools  are  of 
course  much  stronger  than  those  in  the  smaller  set. 


AdjuBting 
Bights  and 
sight  sockets. 


(4.)  Adjustment  of  Sights. 

Sights,  sight  sockets,  &c.  can  also  be  adjusted  and  repaired  at  most 
of  our  large  stations  wherever  there  is  a  fire-master,  as  well  at  some 
others. 


Important 
repairs. 


Re-tnbing. 


III. — Repairs  to  be  performed  in  an  Arsenal. 

All  important  repairs,  such  as  re-tubing,  re-sighting,  ftc,  must  be 
performed  at  Woolwich  Arsenal. 

To  re-tube  a  built  up  R.M.L.  gun,  the  usual  practice  is  to  cut  the 
chase  through  in  front  of  the  trunnion  coil  or  1  B  coil  in  heavy  gonsj 
to  bore  out  the  steel  tube  in  breech  portion,  and  to  use  the  latter  as  ft 
jacket  for  a  new  gun  which  would  be  otherwise  built  up  as  usual. 

A  converted  gun  can  be  prepared  for  re-tubing  by  removing  the  csA 
iron  collar  and  screw  plug,  stoppiug  up  the  vent  after  removing  the 
bush,  and  then  forcing  out  the  tube  by  hydraulic  pressure,  the  g* 
escape  bole  being  enlarged  for  that  purpose  to  admit  the  nosiie  of  (h^ 
tube  through  which  the  water  is  forced. 


*  For  set  of  tools  required,  vide  table,  p.  891, 
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Freserration  of  Guns  and  their  Fittings.  CHAP,  xn. 

In  order  to  preserve  gans  from  atmospheric  influences,  the  larger 
natures  down  to  20-pr.  R.B.L.  gun  inclusive,  as  well  as  all  S.B.  guns,  Painting. 
are  painted  on  exterior  with  two  coats  of  Pulford's  magnetic  paint ;  but 
the  smaller  natures  are  browned,  as  paint  would  be  removed  by  the 
usage  such  guns  are  exposed  to.  The  operation  of  browning  is  de-  Browning, 
scribed  in  Appendix  II.,  p.  374.  It  can  be  carried  out  by  the  batteries 
in  whose  charge  the  guns  are. 

The  bores  of   S.B.,  R.B.L.,  and   R.M.L.  guns,   when  not  in  use,  Lacquering, 
should  be  lacquered ;  but  when  in  frequent  use  they  will  be  kept  clean 
and  slightly  oiled  instead.    The  lacquer  can  be  removed  in  a  few 
minutes  by  brushing  the  bore  with  hot  potash  solution.     For  com- 
position and  proportions  of  lacquer,  vide  p.  325. 

The  breech-screw  and  light  parts  of  R.B.L.  guns  in  store  or  mounted,  Fittings  of 
where  rarely  or  never  used,  will  be  coated  with  the  composition  given  B.L.  guns, 
at  p.  322.* 

The  parts  which  can  be  removed  being  laid  up  in  store. 

The  muzzles  of  guns  are  stopped  with  tampions,  and  those  of  mortars  Mozzles  and 
covered  with  wooden  cups  to  keep  out  moisture,  while  vent  plugs  are  ^^^  ^  ^ 
used  with  mounted  guns.  stopped,  and^ 

Guns,  whether  mounted  or  lying  on  skidding,  should  be  depressed  at  ^^ 
the  muzzle  to  prevent  rain  or  moisture  lodging  inside. 

A  vent  plug  consists  of  a  vulcanized  disc  of  india-rubber,  with  a  Vent  plug, 
leather  stem.    It  is  employed  for  protecting  the  vents  of  mounted  guns. 

The  exposed  portions  of  the  sights  are  '*  bronzed  "  if  made  of  gun 
metal,  and  '^  blued "  if  of  steel.  This  is  done  to  preserve  them  from 
corrosion,  and  on  no  account  are  these  parts  to  be  burnished  or  cleaned 
in  such  a  manner  as  to  remove  the  bronzing  or  blueing  more  than  it  is 
of  necessity  worn  off  by  fair  wear,  the  mode  of  performing  these  opera- 
tions is  given  at  p.  373,  Appendix  II. 

When  mounted  in  exposed  positions  the  whole  of  the  sights  should  Preservation 
be  removed  from  the  guns  and  kept  in  store,  the  holes  in  the  guns  ®^  wgbts. 
being  filled  with  a  plug  of  greased  tow  to  keep  out  the  rain  and  dirt. 
These  plugs  can  be  readily  removed  when  it  is  required  to  fit  the  sights 
to  the  guns,  and  particular  attention  should  be  paid  to  the  prevention  of 
rust  or  grit  accumulating  in  the  sight  recesses. 

The  set  screw  for  clamping  the  centre  hind  sight,  not  being  removable 
from  the  gun,  should  be  tested  to  see  that  it  works  freely. 

The  sight  themselves  should  be  kept  clean,  free  from  grit,  and  oiled ; 
the  **  sliding  leaf"  and  **  elevating  nut "  of  the  tangent  sights,  as  well 
as  the  ^  collars  "  of  the  drop  centre  fore  and  trunnion  sights,  should  have 
free  play. 

Elevating  plates  are  removed  for  transport,  and  the  holes  in  the  gun 
fitted  with  preserving  screws. 

Guns  fitted  for  land  service  have  also  the  "  friction  tube  pin  "  holes  Preserving 
and  the  "  guide  plate "  hole  filled  by  preserving  screws,  and  it  is  icrews. 
advisable  that  these  and  all  other  preserving  screws  should  be  occa-  • 
sionally  removed  and  oiled  to  prevent  their  becoming  fixed  by  rust. 

*  A  new  preserving  mixture  of  powdered  cbalk  and  cocoa  nut  oil  seems  to  promise 
good  results,  and  has  been  ordered  to  replace  the  composition  mentioned  when  the 
store  of  the  latter  has  been  used  up.    Vide  §  3041. 
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TABLE  XXX. 


List  of  Tools  required  for  the  Cleahimg  aod  Ezauini.tion  of  the 
various  Natures  of  Cast  Isom  and  Bbokze  Oudsasck. 


cuibn. 
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iHiijiiiiiji 
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^!i 

Bit,  Tent, 
BniihM 

Tnrk'a 

""■■ft 

6»-pr.>ndft-ln«h       ■ 
M    ,    - 
*B     _     . 

1!    I    -           -           - 

T^i  :  : 

W-pr.  andS-inch      - 

*i    t    - 

n  ..  - 

d      -      -      . 

iS"  :"     : 

10-in>in.,«idM.pr' 
43  and  3i.pr.  ■ 

e-p?.  -     "  - 

arehiT  poinla  - 
enta       ■ 

1 

It 

1 
1 

1 

1 
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It 
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it 

1 
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i 

1 

\ 

ordnance,  pain 

Priekm.  common 
l^^d^Ur. 

.Tent. 

SprinnforknlrM 
a<nlrd3.ald    - 

^Tre,  UcquennK 
Wranch  for  Vniypi 

- 

•  There  ig  no  haul  bnuh  for  t 


neimitllTiirk'ibeadiiiuedliutevlj  andtheinAv- 


wni^ied  with  old  rxouli,  instead  of  wiUi  the  (prlnc  knlvaa. 
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CHAP.  xn. 


TABLE  XXXn. 
Sbt  of  SioHTma  Tools  for  Shooth-Borb  Ordnance. 


Articles. 


Remarks. 


Battens,  wood 


Braces 


{inside     - 
outside   - 

r  annouren 
1  drilling,  hand 


_    f large  - 
[small  - 

_    riarge  - 
\  small  - 


{medium 
small  - 


Cases,  wood,  spirit  leTel    - 
Chisels 


DrUls 

Hammers,  hand,  small 


{hand,  flat 
graver's  - 

{carronade  fixing  screws 
gun  fixing  screws 


Levels 


"  <  steel  fi>r  hattens 

I  wood    for    tmn-  /large 
l^    nions  -  -    l^  small  - 


Machine,  drilling,  with  chains  complete     -  <  «^|^  ^|^. 


Plummets 

Ponehee,  steel 

Scribers 
T-8(iuare,  steel 

Tq»  - 

Vset- 

Wienches 


{brass 
lead 

{centre 
lead 


{carronade  fixing  screws 
gun  fixing  screws 


{socket    - 
tap 


2 
6 

3 
3 


1 
1 
1 
1 
1 

1 
1 

2 

1 

1 
1 


3 
8 


1 
1 


3  siies. 
Do. 


3  sixes. 
Do. 
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CHAP.  XII.  

TABLE  XXXIII. 

Detailed  List  of  Facing  Implements  for  Rifled  B.L.  (Bheech-Screw)  Guns. 


6-PR8. 

In  a  boXf  with  hinges  and  hasps,  and  padlock 
with  two  keys. 


Lvent-piece  ring,  angle  facing 
Giutfd,  wood,  for  vent-piece  - 

{in  breech-screw 
in  powder  cliambcr 
wood  (block  upsetting),  two  parts 
Key,  fbr  fixing  knives 
Knlvej,bn«ch?S^t^;j«-t  - 

biah  copper,  Ir^^lf  boring       - 
Lever   -         -         -         -  - 

Punofa,  fbr  pin  in  spindle  • 
Spftnner,  for  stop  washers  • 
Spindle  .... 

withers,  stop - 


L 
K 

N 

8 

E 
O 
P 
li 
M&Ml 
J 
B 
B 
P 
A 
C 


20-PR8. 

In  a  bor,  with  hinges  and  hasps,  and  padlock 
with  two  keys. 


Blocks 


ru.<ww.i«  Tangle  facing 
WJ**!  finish  f  3- 876  diameter 
™?  ^  boring  1 3-94  diameter 
i25r    I  sCTOwlng  in 
P®"^*    ^upsetting 
.vent-piece  rinjc,  angle  facing 
Ouird,  wood,  for  vent-pjeco 

fin  breech-ecrew 
AniHo.  J  in  powder  f  3-875  diameter 
umaesK  chamber  (3-94  diameter 

Cwood  (block  upsetting),  two  parts 

bush  copper,  "^^ygif 

Key,  for  fixing  knives 

Lever   • 

Piinoh,  for  pin  in  spindle 

Spanner,  for  stop  washers 

Spindle 

Wgshers,  stop  - 


boring 


Letter. 


i 


K 

II 

12 

G 

M 

L 

P 

C 

Dl 

D2 

? 

&  Jl 
H 
N 
B 
B 
O 
A 
E 


12  &  9-PR8. 

[n  a  box,  with  hinges  and  hasps,  and  padlock 
with  two  keys. 


Blocks  < 


breech 
bush 
cop- 
per. 


angle  fkdng 

finish  C  3*125  diameter  • 
i  boring  (  3*2     diameter  - 
screwing  in  -  - 

upsetting  ... 
.vent-pieoe  ring,  angle  facing 
Guard,  wood,  for  vent-piece 

Cin  breech-screw      -  .  - 

aniHM  )  4"  powder  f  3*125  diameter 
uuiaes^  chamber  13*2     diameter 

vwood  (block  upaetting),  two  parts 
Key,  for  fixing  Knives 

Knives,  breech  fJ2jfi"8  0«* 

bush  copper,  ll^boriig 
Lever    -  -  -  - 

Punch,  for  pin  in  spindle  • 
Spanner,  for  stop  washers  - 
Spindle  ... 

Washers,  stop ... 


Letter. 

T" 
Fl 
F3 
D 
C 
J 
8 
H 
Nl 
N2 
U 
O 
K 
GAG] 
E 
B 
P 

Q 
A 
L 


iNaof 
eadt 


40-PRS.  (5eeNoTB.) 

In  a  box,  with  hinges  and  hasps,  andpadhek 
with  two  keys. 


Blocks  < 


fanglo  facing 
breech    cutting  out 
bush  J  finish  ('4*91  diameter  • 
cop-   )  boring  (.4*96  diameter  • 
per,      screwing  in 
l.up»etting- 
Lvent-piece  ring,  angle  ftu^ng 
Collar,  for  feed  motion         .  .  . 

Tin  breech-screw      .  .  . 

Guidesjgjp^^j      j^j^^^^^jjjjjjjber  - 

vwood  (block  upsetting),  two  ports 

Handle  to  hold  blocks  m  vent  ooamMr    • 

Lever   - 


Letter.  ISJji' 


T>„__i,  «._C  knives  in  blocks 
P*^****^'!  pin  in  spindle  - 
Spanner,  for  stop  washers  - 
Spindle 


2 


^""^^^CJto^ 


G 
D 
Fl 
F2 

S 

M 

H 

B 
(Al 
IAS 

C 

N 

P 

J 

K 

L 

B 

I 

O 

Q 


7 -INCH. 

In  a  box,  with  tray,  lunges  and  hasps,  andptidlock  with  two  keys. 


''  rcutting  out.  boring,  fac- 

breech       ing,  tapering,  and  an- 

niAnVa     *"*■**  "{     f^*^  facing. 

Aiocas's   |j,Qjj^     screwing  in,  and  rough 

I  L    boring. 

Lvent-Diece,  angle  flicing     • 
Guard,  wood,  for  vent-piece 
^,,»^„  fin  breech-screw     - 
uuioOT  ^  expanding  in  powder  cliamber    - 


Handle  to  hold  blocks  in  vent  chamber 
Knives,  cutting  out,  C  thick  iron 
breech  bush,  (.thin  iron 

Lever   .  -         -  - 

Punch,  for  pin  in  spindle  - 
Spanner,  for  stop  washers  - 
Spindle 


ashcrs,  stop 


nraif 


Non.— This  let  of  40-pr.  Facing  Implements  is  the  new  pattern  ;  the  old  pattern,  which  is  uot  to  1 
obsolete^  ooiudits  of  the  same  articles,  with  the  omission  of  those  marked  *   and  the  Inaertloii  inaiw 

-  Guide  expMiding."  Guides  in  powder  chamber  {tSdiSetS^Ic^i:!;  iNr?."^*"""^  ^  "^^^^"^ 


becoBsMflvd 
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TABLE  XXXIV.  CHAP,  zn. 

Table  of  Vestinh  Toolb.— S.B.  and  Rifleb  Guns. 


1 
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RiBed 

SiiweTmin. 
No.  Sect. 
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11 

DncurriOK. 

•a 

IB 

1 
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BSVAKEt. 
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Bloe^MDot«ta 
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OJUnort^in 

CaHenforme 
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DiUUtortakin 
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pBulorinrtn 

ImprenlonB 

tor 
do. 

ire 

in.fb 

orw 
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m. 

1 

r: 
J* 

,s 
^' 

H 
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i-pr.,imdlS-pr.,  8.B. 
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r'lIttheitniWop 

r.  is-pr.,  end  Id-pr.  (one  to  each 
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ODofaireKhiiatiire 
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SSi 

U^nch      

l).B.-Thoee  nwrked  •  en  Identied  In  both  1  end  I  ae 
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Table  XXXIV.— Table  of  Venting  TooU—eoitlintied. 


11 


Saw  with  fruDp,  l^inchn 


inK  ud  eitiMilng  blockt,  C. 


BUi«  for  bnuh,  Turk'*  held  and  Bttinft 


'^*f    -^Newthnad'fUtUrC.] 
Wld      -   ,  (    ~     »■» 
Cmttbu:  block*  {gi  ;         : 
Virsi  dlnoting - 


N .B.— Tbon  nurked  *  ue  identicsl  In  both  1  uid  t  wU. 

The  quantity  of  grease  allowed  tar  hteech-acmn,  ice,  foi  ererj  ten  gui 
w— 

-    SOlba. 


7-iDcfa 


12  „ 7i  « 

9  „ 7J  „ 

6  „ 7J  „ 

The  lacquer  composed  of— 

tbS.  MB. 

Black,  lamp,  dry  -  -  -  -      0     12 

Oil,  linaeed,  raw  - 

And  the  quantity  of  lacquer  authorised  to  be  uaed  for  eveij  nx  gnni  it- 
lbs,  ou. 
7-inch      -  -  •  -  •30 

40.prB. 2      4 

20.pr.  and  IS-prs.  -  -  -      1      2 

9-pT.  and  6.pn.   ■  -  -  -     0    13 


6    12 
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CHAPTER  XIII. 


MODE  OF  MEASURING  AND  COMPARING     chap.  xm. 

POWERS  OF  GUNS.  ~^ 


OmnpAmtiTe  Voirer  of  different  Fleces  of  Ordnance. — How  to  be  valued  by 
uaeful  effect  of  projectile. — This  depends  principally  upon  Velocity  of  Trans- 
lalHon  at  muzzle,  and  resistance  of  the  air. — How,  knowing  powder  charge  and 
weight  of  projectile,  to  find  out  M.V.  theoretically. — Practical  methods  of  arriving 
at  M.V. — The  Le  Bouleng^  Chronograph. — How  to  deduce  from  M.V.  the  V.  of 
projectile  at  any  range  by  Professor  Bashforth's  tables. — Or  by  Professor  Helix's 
formula. — Examples  of  obtaining  V.,  &c.  by  Bashforth's  tables. — Velocity  of 
Rotation. — Affected  by  amount  of  twist  and  by  velocity  of  translation. — Effects 
to  be  produced  by  projectile. — From  field  guns. — With  siege  pieces. — Prom  heavy 
*  guns. — As  to  piercing  of  iron  plates. — Formula  used  to  arrive  at  penetrative  power. 
— mrork  done  upon  tbe  Chin. — On  the  walls  of  bore. — On  the  grooves. — Modes 
of  measuring  the  powder  gas  pressure. — Empirically  by  crusher  gauges. — Method 
of  using  these. — Theoretically  by  means  of  tbe  Noble  Chronoscope. — Fressore  on 
Oroowes  already  described  in  Chapter  II. — Tables  for  calculating  velocities.^ — 
Professor  Bashforth's. — Ogival  headed  and  spherical. — Velocities  of  projectiles 
from  our  heavy  guns  at  various  ranges. — Energy  of  the  same. — Table  of  mrork 
realised  in  an  experimental  gun. — Note  A.,  and  Tables  C.  and  D.  (Captain  Andrew 
Noble,  F.R.S.),  showing  how  to  arrive  theoretically  at  M.V. — Note  B. — Description 
of  the  Le  Bouleng^  Chronograph. 


COMPAKATIVE   PoWER   OF   GUNS. 

We  have  in  the  preceding  Chapters  described  the  materials  used  for,  How  the  com- 
aiid  the  actual  manufacture,  inspection,  and   proof  of,  service  ordnance  parative  value 
and  their  stores,  and  have  also  discussed  generally  the  theories  upon  o^agunw 
which  the  mode  of  manufacture  of  our  guns  is  based.     Let  us  now  ®°^"*®^' 
consider   how   we  can   evaluate  these  guns  when  made,  and  in  what 
manner  we  can  compare  one  piece  of  ordnance  with  another — how,  in 
fiict  we  are  to  measure  the  power  of  any  gun. 

It  may  be  well  to  repeat  here  once  again  that  similar  power  may  be  ob- 
tained from  different  systems  of  construction,  or, to  quote  a  foreign  artillery 
authority,  who  says,  with  reference  to  the  comparative  trial  of  a  96-pr. 
R.B.L.  Krupp  gun  and  a  9"  R.M.L.  Woolwich  piece,  "  It  is  unneces- 
sary that  we  should  under  this  head  do  more  than  point  out  that  the 
work  impressed  on  the  shot  has  nothing  whatever  to  do  with  the 
mode  of  construction  of  tlu?  gim  ;  that  if  from  two  guns  shot  of  the 
same  form  and  material  and  endowed  with  the  same  velocity  are 
fired,  it  is  a  matter  of  indifference,  as  far  as  regards  efiFect,  upon  what 
system  the  guns  are  constructed."* 

There  are,  it   is  clear,  two   points  to  be  principally  considered : — 

(1)  the  work  impressed  upon  the  projectile  when  the  gun  is  fired,  and 

(2)  the  work  done  upon  the  piece  itself. 

We  know  that  a  gun  is  but  an  instrument  employed  for  throwing  u 
projectile,  and  its  power  may  plainly  1ki  measured  by  the  effects  it  can 
produce  by  means  of  this  projectile  at  a  given  distance  or  distances.     Of 

*  Letter  of  President  of  Prussian  Select  Committee,  quoted  by  Colonel  Beilly,  C.B. 
in  Report  of  1872. 
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Ballistic  power 
first  found. 

Subseqaent 
trials  made  as 
to  range,  See. 


Work  stored 
up  in,  or 
energy  of  a 
projectile. 


CUAP.  Xin.    any  number  of  similar  pieces  that  which  can  produce  such  effects  in  a 

maximum  degree  and  with  the  greatest  certainty  and  regularity  in  the 
shortest  time  must  be  judged  the  best ;  while  on  the  other  hand  it  is 
evident  that  in  producing  these  effects  the  gun  itself  must  not  be  unduly 
strained. 

Before  finally  introducing  any  new  nature  of  ordnance  into  the  service 
we  consequently  test  its  ballistic  power,  upon  which,  as  we  shall  see,  its 
effective  jwwer  principally  depends,  and  afterwards  try  the  gun  for  range, 
accuracy,  and  amount  of  deflection  by  absolute  practice  with  the  pro- 
posed service  charge  and  projectile  at  Shoeburyness,* 

The  accuracy  and  deflection  will  be  influenced  by  the  twist  of  rifling 
upon  which  (taken  in  conjunction  with  the  velocity  of  translation  as 
explained  at  p.  42)  the  velocity  of  rotation  depends. 

While  testing  the  ballistic  power  of  the  piece  with  flat  headed  projec- 
tilesf  at  the  U.G.F.  Proof  Butts  in  Woolwich  Arsenal,  the  pressures 
produced  upon  the  walls  of  the  bore  at  different  points  are  also  deter- 
mined by  the  methods  described  further  on.:( 

(1.)  Useful  Effect  of  Projectile. 

Prior  to  inquiring  further  into  the  actual  effects  produced  by  its  projec- 
tile it  may  be  pointed  out  that  if  r  =  the  velocity,  and  W=:  numbers  of 
lbs.  in  a  shot,  then  the  work  stored  up  in  it,  the  kinetic  energy  §  of 

W  v^ 

translation  =  -s >  representing  a  certain  number  of  foot-pounds  as 

2  g, 

the  case  may  be.     This  is  the  work  stored  up  to  produce  effect,  and  the 

value  of  the  gun  may  be  theoretically  measured  according  to  the  amount 

of  energy  imparted  in  a  variety  of  ways,  e.g.,  by  the  amount  of  eneigy 

imparted  per  cwt.  of  gun,  per  lb.  of  powder,  per  ton  of  mean  pressure 

in  the  powder  chamber,  or  otherwise  ;  the  former  method  is  sometimes 

employed  for  field  guns  where  the  weight  of  gun  is  of  importance; 

the  two  latter  enumerated  are  employed  by  the  Conmiittee  on  Explosives 

as  shown  in  Table,  p.  351,  at  the  end  of  Chapter,  columns  11  and  12. 

The  effects  we  require  a  piece  of  ordnance  to  produce  vary  much,]  from 

the  piercing  of  thick  iron  plates  at  the  distance  of  a  mile  or  more  to  the 

showering  of  the  greatest  possible  number  of  deadly  bullets  amongst 

advancing  skirmishers  at  very  short  ranges, — ^from  the  opening  of  a  breach 

through  &e  logs  of  a  simple  wooden  pah  to  the  battering  down  of  granite 

casements  upon  which  all  the  skill  and  science  of  the  engineer  have 

been  spent.     Whatever  they  may  be,  however,  we  shall  find  that  their 

value  depends  principally  upon  the  ballistic  power  of  the  gun,  which 

with  a  given  projectile  is  a  function   of  the  velocity  of  trcmslaiim 

given  at  the  muzzle,  for  upon  this  depends  the  destructive  work  stored  up 

in  the  projectile  at  the  point  where  it  is  required  to  act     To  ensure  th|B 

projectile  reaching  this  required  point  with  certainty  and  regular!^  it 

must  also  be  endowed,  upon  leaving  the  muzzle,  with  sufl&cient  tfeloeiig 

of  rotation  to  ensure  its  flying  point  foremost  and  steadily  to  that  point 

Velocity  of  TranskUion. 

We  have,  then,  in  the  first  place,  to  determine  the  velocity  of  tnua- 
lation,  from  which  that  of  rotation  is  readily  deduced. 

♦  Vide  p.  57  for  method  employed  to  determine  angle  of  deflection. 

f  lliis  allows  us  to  use  not  quite  so  thick  a  butt  as  would  be  neccsiaiT  if  poiatri 
projectiles  were  used ;  even  as  it  is,  60  feet  of  sand  with  a  backing  of  40  wet  of  eirth 
constitute  the  hutt  for  the  heaviest  natures. 

t  Under  heading  "  Work  done  on  Gun/*  p.  336. 

§  "  Kinetic  "  energy  heing  the  energy  of  motion ;  any  body  in  motion  hat  ki»*J 
energv  which  it  must  communicate  to  some  other  body  dnriiig  the  pnotB  oi 
bringing  it  to  rest. 

II  Vide  p.  334  of  this  chapter. 


Effects 
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translation. 


Velocity  of 
rotation. 
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Muzzle  Velocity.  CHAP.  Xm. 

Various  attempts  have  been  made  to  arrive  at  the  M.V.  of  a  pro-  Determinatioii 
jectile  by  means  of  determining  by  calculation  the  total  amount  of  work  otmxizzle 
done  by  the  explosion  of  the  powder  charge  (deducting  from  that  the  ^eopeticallv 
work  done  upon  the  gun),  and  so  finding  out  the  work  done  upon  the 
projectile  itself  from  which,  if  known,*  we  could  work  out  what  the 
velocity  at  the  muzzle  would  be. 

None  of  these  theoretical  solutions  have  given  such  results  as  to  be  Researches  an 
practically  useful,  but  the  recent  researches  and  calculations  of  Captain  calculations  of 
Noble  (late  R.A.),  F.R.S.,  and  Professor  Abel,  F.R.S.,  have  provided  us  Captain  Noble 
with  data  by  means  of  which  we  can  form  a  tolerable  approximation,  p  b.  S       d 
which  will  prove  of  service  in  the  commencement  of  working  out   the  pit)fegi)r  Abel 
problem  as  to  how  any  required  gun  should  be  constructed.     The  mode  F.R.S. 
of  arriving  at  the  approximate  velocity  is  shown  in  the  example,  at 
p.  352. 

The  necessary  tables,  extracted  from  the  work  mentioned,  together 
with  a  short  explanation  of  the  same,  are  given  at  the  end  of  this 
chapter,  Note  I. 

Since  1742,  when  Robins  employed  the  ballistic  pendulum  for  this  Robin's  ballis- 
purpose,  the  velocity  of  projectiles  have  been  determined  by  absolute  tic  prodnctions. 
experiment;  but  it  is  only  of  late  years  that  the  introduction  of  the 
improved    instruments  of   Navez-Leurs,   Le    Bouleng^,    Bashforth^f  ?*^^^^* 
Watkin's,  &c.,  have  enabled  us  to  make  perfectly  certain  of  our  results.    Bashforth's 

The  velocity  of  the  projectile  always  has  been  and  still  is  empirically  Watkins.    ' 
obtained  at  a  given  distance  from  the  muzzle,  and  then  the  muzzle  Obtaining 
velocity  deduced  from  this  velocity  by  calculation.  actual  M.V. 

by  experiment. 

7%«  BouUnge  Chronograph, 

Neglecting  the  old  experimental  modes  of  obtaining  the  velocities,  we 
will  now  proceed  to  the  description  of  that  at  present  employed  at  the 
R.G.F.  Butts,J  viz.,  the  Boulenge  chronograph. 

As  in  all  similar  instruments,  electricity  is  the  agent  employed  for  The  I^ 
measuring  the  velocity,  and  the  generol  mode  of  utilizing   it  is  as  Boulenge 
follows: — 

Frames  with  wire  stretched  across  them  in  connection  with  primary  Electric  appa- 
circoits  are  placed  at  certain  intervals  in  front  of  the  gun  so  ratus  employed. 
that  the  shot  shall  cut  the  wires  successively,  thereby  interrupting 
the  electric  currents  which  pass  through  them  and  the  instrument 
connected  with  them.  A  record  is  thus  obtained  in  the  instrument 
of  the  precise  instant  at  which  the  projectile  passes  each  frame. 
The  time  occupied  in  passing  from  one  frame  to  the  other  is  there- 
fore known,  and  by  dividing  the  distance  between  the  fiTimes  by  this 
time  the  velocity  of  the  projectile  at  a  point  half  way  between  the 
frames  is  found.     For  instance,  suppose  the  frames  to  be  120  feet  apart, 


*  In  the  first  chapter  of  the  work  below  mentioned,  is  an  interesting  account  of 
the  determinations  of  this  work  by  dififerent  chemists  and  artillerymen  since  1702  ; 
they  erred  generally  in  not  ascertaining  truly  the  products  of  combustion  of  a  powder 
ehuge  as  to  amount  and  condition. 

"  Kesearches  on  Explosives :  Fired  Gunpowder.  By  Captain  Noble  (late  R.A.), 
F.B.8.,  &c.,  and  Professor  Abel,  F.R.S.,  &c.'*    London  :  Triibner  &  Co.  1875. 

This  TBloable  work  is  well  worth  careful  study  by  artillery  officers.  In  it  we  find 
dieory  supported  or  established  by  exhaustive  experiment. 

t  A  description  of  these  and  their  results  will  be  found  at  pp.  24-6  in  Professor 
Bashforth's  most  useful  work  already  mentioned  and  also  in  Table,  p.  280. 

X  Voir  detennininf^  the  velocity  of  small-arm  bullets  the  BashforUi  chronosoope  is 
employed  at  Woolwich. 

X  2 
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CHAP.  xm. 

Fmnesinthe 
circuit 


Electro- 
magnets. 


The 

*' Registrar. 

TrjjKger. 

**Cnrono- 

meter." 


»> 


Oradtiated  rule. 


and  the  time  taken  by  the  shot  in  passing  between  them  to  be  0*1  of  a 

120 
second,  then  the  velocity  of  the  projectile  will  be  ^r-r  =  1,200  f.  s. 

As  the  first  frame  must  be  placed  some  distance  from  the  gun 
to  prevent  its  being  damaged  by  the  discharge,  the  velocity  obtained  as 
above  is  that  of  the  projectile  between  100  and  200  feet  from  the  gun, 
and  in  order  to  find  the  velocity  at  the  muzzle  it  is  necessary  to  calcu- 
late the  loss  due  to  the  resistance  of  the  air  over  that  space.  This  is 
done  by  means  of  a  formula  similar  to  that  used  for  odculating  the 
remaining  velocity  of  a  projectile  at  any  range,  being  given  the  velocity 
at  the  muzzle,  and  is  explained  further  on. 

With  the  Bouleng^  chronograph,*  the  shot  is  made  to  cut  two 
currents  (by  passing  through  two  screens),  and  thus  to  demagnetise  oae 
after  another  two  electro- magnets  which  had  previously  supported  two 
heavy  bodies.  The  fall  of  these  bodies,  under  the  action  of  gravity,  is 
the  measure  of  the  time  taken  by  the  shot  to  pass  over  a  known  distance. 

In  this  instruihent  the  weight  fslls/reelyy  and  without  any  disturl> 
ing  infiuence,  in  n  vertical  direction,  and  the  distance  actually  described 
by  it  is  measured ;  the  corresponding  time  being  readily  ascertained, 
and  the  velocity  calculated. 

By  means  of  a  scale  previously  prepared,  the  velocity  of  the  projectile 
can  at  once  be  read  off  without  any  calculation,  an  advantage  which 
this  instrument  possesses  over  most  others.f 

It  is  so  arranged  that  when  the  shot  strikes  the  first  screen  an 
electro-magnet  supporting  a  long  rod  covered  from  the  lower  part  by  a 
zinc  tube  (and  called  the  chronometer)  is  demagnetised,  and  the  rod 
begins  to  fall ;  while  it  is  falling,  the  shot  continues  to  fly  forward  in 
the  space  between  the  screens,  and  soon  cuts  the  wires  of  the  second 
screen,  when  a  second  weight  called  the  "  registrar,"  supported  by 
another  electro- magnet,  is  released.  The  weight  falls  upon  a  trigger, 
and  so  releases  n  circular  knife  which  (carried  forward  by  a  spring) 
strikes  the  zinc  tube  on  the  "chronometer,"  which  is  still  falling, 
and  makes  a  perceptible  dent  in  the  metal.^ 

A  very  simple  relation  exists  between  the  height  of  this  indent  and 
the  velocity  of  the  projectile.  It  is  evident  that  the  time  which  elapses 
after  the  fall  of  the  chronometer  before  the  registrar  is  released  is  the 
time  taken  by  the  projectile  in  passing  over  the  distance  between  the 
screens ;  the  less,  therefore,  the  velocity  of  the  projectile,  tlie  further 
in  advance  will  the  chronometer  be,  and  the  higher  will  be  the  indent 

A  graduated  rule  is  used  for  measuring  the  height  of  the  indent 
above  the  zero  point.  It  is  of  brass,  and  is  graduated  on  both  edges; 
the  upper  edge  is  a  scale  of  equidistant  parts,  divided  into  inches  and 
tenths,  reading  to  thousandths  with  a  vernier,  and  is  intended  for  use  io 
connexion  with  the  tables. 

The  lower  scale  is  for  reading  off  the  velocity  of  the  projectile  without 
any  calculation.  It  is  graduated  in  feet  for  a  distance  betwe«i  the 
screens  of  120  feet. 


*  For  a  full  description  of  this  instrument  see  a  pamphlet  published  in  1871  by  tbe 
War  Office,  **  Descriptiou  and  use  of  Le  Bouleng^  Chronograph,  &c.,  &g.,"  by  liot. 
(now  Captain)  C.  Jones,  R.  A. ;  or  a  paper  by  Captain  Jones  in  Prooeedingi,  RJkl^ 
Vol.  IX.,  No.  6,  from  "which  much  of  this  description  is  taken  verbatim. 

t  Except  that  lately  perfected  by  Captain  Wat  kin,  R.A.,  a  Aill  account  of  whiek 
is  given  in  Proceedings,  R.A.I.,  Vol.  IX.,  p.  14.  Every  part  of  the  cfarono^npk 
is  of  metal,  and  it  is  consequently  little  influenced  by  changes  of  climate — a  prop^ 
which  renders  it  peculiarly  suitable  for  use  in  a  country  like  India,  where  vnlcaiiitt 
and  other  insulating  materials  rapidly  deteriorate. 

X  A  detailed  description  of  this  instrument  is  given  in  Note  II.,  p.  956,  at  the  end  a 
the  chapter. 
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Puts  a.  chap.  XMI. 


HorixonUl  projectkui. 
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CHAP.  XHL     Platb  B. 

Fig.  1.— The  Tsioqbb.    Scale  }. 


HorizontBl  projection. 
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Platb  C.  CDAP.  XIII. 


-  Circnit  from  bitterj  which  magnetize  the  ChKaometer 

plectro-iuapnet. 
,  Cifciiit  from    botiery  which  msgnetiin  the  Regiatrar 
eUctro-m  ngoet. 
The  inwnuuEQts  are  euUfged  out  of  stale  in  order  to 
show  the  details. 
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CHAP.  XIII.        Should  it  be  necessary  to  place  the  screens  neaiet  to  one  another,  the 

velocity  can  be  found  by  multiplying  the  numlier  read  off  on  the  scale  by 

ST^Se™^*  ®^  the  fraction  j^,  D  being  the  actual  distance  between  the  screens  in  feet 

The  zero  point  on  the  scale  corresponds  with  the  "  origin^  or  the 
point  at  which  the  knife  marks  the  zinc  if  the  trigger  is  set  in  action 
when  the  chronometer  is  at  rest. 

The  rule  is  fitted  at  the  zero  end  with  a  jointed  piece  having  a  slightly 
conical  projection,  which  enters  into  a  recess  in  Uie  bob  of  the  chrono- 
meter when  applied  for  measuring  the  marks.  Care  must  be  taken  not 
to  injure  this  portion  of  the  scale  or  the  measurement  may  be  rendered 
inaccurate. 

Prior  to  use,  the  instrument  must  be  carefully  regulated  and  adjusted, 
I'eadings  being  taken  until  the  adjustment  is  correct. 


A^ostment 
of  instniment. 


To  take  a  velocity,  cock  the  disjunctor  by  pressing  the  mill-headed 
screw  (Plate  B.)  so  as  to  establish  the  current ;  suspend  the  chronometer 
and  then  the  registrar  to  their  respective  electro-magnets ;  fire  the  gun 
through  the  screens,  and  then  measure  by  means  of  the  scale  the  height 
of  the  mark  made  by  the  knife  upon  zinc  tube  of  chronometer  above  the 
origin ;  from  this  calculate  the  time  and  corresponding  velocity  according 
to  the  formula  in  note,  p.  357,  or  else  measure  the  V.  at  once  by  means 
of  the  scale  adapted  for  the  purpose. 
Accuracy  of  The  accuracy  of  this  instrument  has  now  been  tested  by  continual  use 

the  InBtrument.  for  many  years  at  the  R.G.F.  Butts,  and  has  proved  very  satisfactory ; 

its  extreme  simplicity  and  case  of  manipulation  recommend  it  in  pre- 
ference to  other  instruments  which  give  an  equally  accurate  result.  The 
table  *  below,  compiled  by  Captain  Jones,  R.A.,  for  comparative  trials 


*  liesultfi  of  trialg  of  two  Le  Boulenge  insiruinentH  in  comparison  with  the  small 
Bashforth  gravity  chronograph,  in  use  at  the  Boyal  Laboratory  Small-Ann  Bange, 
and  an  electric  chronograph  invented  by  Lieot.  H.  Watkin,  B.A.  The  Bashfotth 
inMtrument  is  described  at  p.  161,  Vol.  V.,  of  *' Proceedings/'  K.A.  Institntion,  and 
Watkin'K  invention  at  p.  14,  Vol.  IX. 

Velocities  of  Majktini-Henrt  Bullets  fired  with  various  Cuaboss,  observed 

with  several  iKSTauMEicTS. 


Le  Boulengd. 


Instrument 
No.  78. 


InMtrument 
No.  79. 


S 


Watkin. 


Cylinder. 


Left 
Cylinder. 


1167 

1163 

1163 

1155 

1157 

1141 

1140 

1143 

1187 

1136 

1140 

1138 

1138 

1129 

1138 

1136 

1133 

1141 

1138 

1139 

1147 

1145 

1142 

1140 

1140 

Means  of  5  rounds 

-  1146 

1144 

1146 

1140 

1141 

1272 

1275 

1269 

1259 

1859 

1268 

1264 

1269 

1267 

1867 

1270 

1271 

1277 

1270 

1868 

1277 

1279 

1287 

1278 

1878 

1285 

1287 

1290 

1287 

1885 

1290 

1294 

1280 

1884 

1884 

1264 

1267 

1263 

1264 

1864 

1287 

1289 

1291 

1285 

1864 

MeaDH  of  8  rounds 

-  1277 

1278 

1275 

1874 

1873 
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with  three  different'description  of  chronographs,  shows  to  what  perfec-  CHAP.  XIII. 

tion  such  instruments  have  now  been  brought,  and  how  thoroughly  we         

may  rely  upon  their  results. 


Deduction  of  VelocUy  at  any  point  from  M,  V. 

We  see  now  how  we  can,  at  some  distance  from  the  muzzle,  obtain 
with  great  accuracy  the  velocity  of  the  projectile.  Next  comes  the 
question.  How  can  we  deduce  from  this  velocity  that  of  the  projectile  at 
the  muzzle  or  at  any  point  in  its  trajectory  ? 

In  order  to  obtain  the  mean  velocity  we  must  know  what  velocity  the  Muule 
shot  has  lost  during  the  time  of  its  flight  from  the  muzzle  to  the  screen,  velocity, 
and  as  it  is  the  resistance  of  the  air  which  retards  the  shot  and  reduces  Hesistance  of 
its  velocity,  we  require  to  know  the  law  of  such  motion  and  the  mathe-  the  air. 
matical  expression  for  this  law. 

This   subject   has  been   investigated   by   mathematicians    since   the 
days  of  Newton,  and  it  is  generally  acknowledged  that  the  retardation 
is  some  function  of  the  velocity.     In  the  formula  we  employ  the  retarda- 
tion of  the  air  is  taken  (with  ogival  headed  projectiles)  to  vary  as  the  cube  Calculation  of 
of  the  velocity.*     On  this  assumption  it  is  not  difficult  to  obtain  mathe-  velocity  ac- 
matical  expressions  by  means  of  which  we  can  calculate  the  velocity  of  <^?^nfif  ^'?' 
the  shot  at  any  point,  and  also  obtain  the  absolute  trajectory  f  of  the  **'**^*'®  ®  *^* 
projectile  or  the  path  it  describes  in  the  air. 

Pi-ofessor  Helix's  formula  J  employed  by  Major  W.  H.  Noble,  R.A.,  Helix's 
in  calculating  many  of  the  range  tables  given,  is  : —  fonnula. 

V 

V  = 

1  +  cY  X 
where  c  is  a  constant  depending  on  the  form,  weight,  and  velocity  of 
the  shot, 

X  =  distance  from  muzzle  in  feet, 

V  =  velocity  at  any  point, 

V  =  muzzle  velocity. 

Knowing  either  of  the  two  latter  velocities,  we  can  obtain  the  other  one 
readily  from  this  formula. 

In  Professor  Bashforth's  recent  work  is  given  (at  pp.  29  to  44)  a  most  Bashforth's 
interesting  account  of  a  series  of  experiments  carried  out  by  means  of  chronoscope, 
his  chronoscope,  in  the  years  1865-70,  which  satisfactorily  established  andhiscalcu- 
the  truth  of  the  theory  that  for  the  velocities  experimented  with  (900  to  J^^g^**  ^\ 
1,300  f.s.),  the  resistance  does  really  vary  approximately  as  the  cube  of  the  ^\^^ 
velocity  with  ogival-headed  projectiles.     In  his  work  he  points  out  th^ 
for  practical  purposes  we  may  in  certain  cases  neglect  the  action  of 
gravity,  and  treat  the  motion  of  the  projectile  as  in  a  straight  line  when 


*  It  is,  however,  with  certain  velocities  supposed  to  vary  as  the  square  or  as  the 
lixth  power,  both  Professor  Bashforth  and  General  Mayevski  observing  that  the 
resistance  may  be  said  to  vary  as  the  sixth  power  of  the  velocity,  for  velocities 
between  about  900  to  1,100  f.s. 

Professor  Heli^  deduced  the  law  of  resistance  varying  as  V^  even  for  these  low 
velocities. 

For  higher  velocities  General  Mayevski  concludes  that  it  varies  as  the  square, 
or  V,  while  Professor  Bashforth  observes  that  between  1,100  and  1,850  it  varies  as 
V*,  and  for  higher  velocities  as  W 

Vide  paper  by  Captain  Kensington,  R.A.,  Professor  of  Mathematics,  Military 
College,  Kingston,  C.W.,  in  Proceedings,  B.A.I.,  Vol.  EX.,  No.  4. 

t  The  question  of  trajectories  is  shortly  alluded  to  in  Appendix,  p.  386. 

I  Uelie,  p.  405. 
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CHAP.  XnL   the  mean  Telocity  is  high  and'  it  is  desired  to  find  the  loss  of  velocity 
'""''  or  the  time  of  flight  for  a  limited  space  ;  the  less  the  shot  is  affected  hy 

the  resistance  of  the  air  the  more  accurate  will  these  results  be,  so  that 
the  method  applies  better  to  pointed  and  elongated  shot  than  to  sphe- 
rical, and  better  to  solid  shot  than  to  shell  of  the  same  form. 


Professor 

Bashfbrth's 

formula. 


Taking  the  equation  of  motion  as  : — 

we  obtain  two  eqaations  : — 

,,^  d».._500/1000\»     /1000\«1 


(2)^.,=(l^V/looo^-rlo22 


U^)-l 


)} 


Usefiil  tables 
by  Professor 
Bashforth. 


Muxzle  velo- 
city, 80-ton 
jfun.  calculated 
from  expen- 
mental  data. 


As,  however,  the  resistance  of  the  air  does  not  exactly  vary  as  the  cube 
of  velocity,  we  must  give  different  numerical  values  to  K,  and  as  this  is 
a  troublesome  operation  the  values  of  the  second  portion  of  each  of  the 
above  equations  (1)  and  (2)  have  been  worked  by  Professor  Bashforth, 
and  will  be  found  in  the  tables,  pp.  359-^366,  at  the  end  of  this  chapter. 
These  tables  will  be  found  very  useful,  and  enable  us  to  calculate  with 
very  little  trouble  the  time  required  to  describe  a  given  space,  or  the 
space  described  in  a  given  time,  if  we  know  the  velocity .f 

The  examples  given  below,  extracted  from  Professor  Bashforth's 
work,  shows  how  simple  is  this  operation  when  we  have  the  tables  to 
refer  to. 

To  give  a  simple  instance  of  the  way  in  which  the  muzzle  velocity 
can  be  obtained  when  we  have  found  by  the  Le  Boulengd  instrument  or 
otherwise  the  velocity,  say  at  120  feet  from  the  muzzle  : — 

Suppose  a  1,700  lbs.  shot  be  fired  from  the  80- ton  gun  its  diameter 
being  15*98  inches,  and  that  the  velocity  at  120  feet  from  the  muzzle 
be  shown  by  the  instruments  to  be  1,500  f.  s.,  then — 

^3^(1^2^  001503$ 
w       1700  * 

4! . ,  =  0-01503  X 120  =  18-03. 
w 

Looking  at  table  XL.,  p.  359,  we  find  that  for  a  velocity  of  1,500  feet 
second  we  have  the  number  of  876  ;  deduct  from  the  above  number  18*03 
and  our  remainder  is  858*03. 


Where  6  =    -  .  ^pr  — r^ 

2     D     (10O00)» 

and  K  is  a  co-efficient  dependent  only  on  form  of  projectile, 

d  =  diameter  of  shot  in  inches, 

w  =  weight  of  shot  in  pounds. 

t  Tables  XL.,  XLI.  apply  to  S.B.  projectiles,  and  Tables  XLII.  and  XLUI.  to 

those  with  odval  heads.    Those  for  ogival-headed  projectiles  are  taken  from  a  mefal 

little  pampmet  by  CapUin  Sladen,  K. A.,  Professor  of  Artillery,  RM.  Academy,  •• 

they  have  been  worked  oat  by  him  to  another  phice  of  decimals,  vide  B. AJ.  p«pv^ 

VoL  rX.,  No.  6. 

J  In  all  these  cases— 

d  s=  diameter  of  projectiles  in  inches, 

to  B  weight  of  shot  in  lbs., 

8  —  distance, 

—  • «  =  reduced  range  table, 
w 

-  .  <  a  reduced  time  table. 

V 
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And  now,  looking  again  at  the  same  table,  we  see  opposite  858-03,  the  CHAP.  Xni. 
velocity  given  to  l^  1,604  feet  aboat.     This  then  will  be  the  mnzzle 
velocity  of  the  projectile  in  question ;  of  course  with  lighter  projectiles 
and  lower  velocities  the  difference  would  be  much  more  marked. 

Professor  Bashforth's  examples  are  as  follows  : — * 

(1.)  Suppose  it  was  asked  in  what  range  an  11-52-inch  ogival-headed  ^^'^^^^ 

shot  of  600  lbs.  would  have  its  velocity  reduced  from  1,400  to  1,300  f.s.  f^^^,^  tM^ 

Here  rf*  -f- «?  =  *  2212.     Let  a  denote  the  required  space,  then  as  given  in 

^  _  his  work. 

Eeduced  range  =  — . «  =  -2212  s  =  1865  -1348  =  517, 

to 

the  differences  of  the  ranges  opposite  1,400  and  1,300  f.s.  in  table  XL. 

Hence  «  =  517  -^  2212  =  2337  feet 

(2.)  Suppose  now  it  was  asked  in  what  time  (t)  the  velocity  of  the 
same  shot  would  be  reduced  from  1,400  to  1,300  f.s. 

Here  reduced  time  ^  i  =  -2212  t  =  l"-258  -  0"-875  =  0"-383, 

the  difference  of  the  times  opposite  1,400  and  1,300  f.s.  in  table  XLI. 

Hence  t  =  0"-383  -r-  -2212  =  l"-732. 

(3.)  If,  on  the  other  hand,  the  muzzle  velocity  being  given  1,350  f.s., 
it  was  required  to  find  what  would  be  the  loss  of  velocity  in  500  yards 

=  1,500  feet,  we  should  have  given  —  «  =  -2212  x  1500=  331  8, 

w 

the  reduced  range.     Now  opposite  the  muzzle  velocity  1,350  f.s.  i^ 

table    XL.  we   find   1,599,    to    which   must  be   added  the  reduced 

range  331*8,  making  1930*8;  and  corresponding  to  this  we  find  the 

velocity  1,288*2  f.s.  by  the  same  table.      Hence  the  velocity  of  an 

11-52-inch  600  lb.  elongated  shot  would  fall  from  1,350  to  1,288*2  f.s. 

in  500  yards. 

(4.)  In  like  manner,  if  it  was  required  to  find  how  much  the  velocity 
of  the  same  shot  would  be  reduced  in  half  a  second,  its  initial  velocity 

being  1,334  f.s.,  we  must  find  the  reduced  time  =—e=  '2212  x  0"*5 

w 

=  0"*  1106.     Adding  this  to  1"*  120,  the  number  opposite  the  velocity 

1,334  f.s.  in  table  XLI.,  we  obtain  l"-2306.     And  opposite  I" -2306  we 

obtain  by  proportional  parts  1,306*6  f.8.,  which  is  the  velocity  the  shot 

will  retain  at  the  end  of  half  a  second. 

(5.)  Suppose  a  Rodman  shot  of  452  lbs.  to  be  fired  with  a  muzzle 
velocity  of  1,400  f.s.  at  a  target  500  yards  off,  to  find  the  striking 
velocity.     Here  rf=  14*88  inches — 

^  =  -4898.     Then  —  «  =  -4898  x  1500  =  734* 7, 
w  w 

the  reduced  range.     Opposite  the  velocity  1,400  in  table  XLH.  we  find 

1501,  and  adding  734*7  to  this  we  have  2235*7,  opposite  which  in  the 

same  table  we  find  the  velocity  1,215*8  f.s.,  which   is  the  i*equired 

striking  velocity. 

We  now  see  that  we  can  readily  find  the  M.V.  given  by  a  gun  to  its 
projectile  by  the  use  of  the  Le  Bouleng6  or  other  instrument  which 
gives  us  the  shot's  velocity  at  some  distance  from  the  muzzle,  and  so 
enables  us  by  the  application  of  Professor  Bashforth's  formula  to  find 
out  the  velocity.  Knowing  the  latter,  again,  we  can  within  certain  limits 
find  out  the  velocity  of  the  shot  at  any  time  of  its  flight.f 


*  Bashforth's  Motion  of  Projectiles.    Asher  &  Co.,  London, 
t  In  this  manner  have  been  calcnlated  the  velocities  at  the  musiie  and  at  various 
nuiges  of  projectiles  for  service  guns  in  table  pp.  847, 84S. 
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Velocity  of 
rotation. 


How  to  find  out 
amount  of 
rotation 
required. 


Effects  to  be 
produced  by 
projectilcR. 


(vide  p.  42.) 


Velocity  of  Rotation. 

With  regard  to  the  velocity  of  rotation,  we  must  impart  to  the  shot  a 
sufficient  amount  of  kinetic  energy  of  (or  work  stored  up,  due  to 
rotation)  to  keep  it  steady  up  to  the  farthest  range  required. 

As  the   shot  leaves  the   muzzle,  its  kinetic  energy   of  rotation  » 

expressed  by  the  formula,  ^.  m  fei,* 

Where,  v  =  angular  velocity  at  muzzle  =  ( —  ,)  ^» 

W 

M  =  mass  of  projectile  =  — 

W  =  weight  of      do.     in  lbs. 
k^  =  (radius  of  gyration)2=--  \ 

2  _  r  Four  right  angles  (in  circular  measure  6*28318),  or 
*  "~  \     one  complete  turn,  as  we  choose  to  take  it. 

We  do  not  know,  however,  the  rate  at  which  rotation  is  retardeii,} 
and  therefore  can  only  determine  experimentally  the  amount  of  energy 
of  rotation  to  be  imparted,  in  order  that  the  shot  shall  be  stable  at  its 
n)aximum  range. 

The  twist  necessary  (with  a  given  velocity)  in  a  particular  gun  to 
determine  the  shot  leaving  the  muzzle  with  sufficient  energy  of  -rotation 
l>eing  known,  we  can  find  out  approximately  the  twist  required  for 
another  piece  firing  the  same  projectile  but  having  a  different  M.V.,§ 
for  the  kinetic  energy  of  rotation  varies  with  the  angular  velocity,  and 
that  again  with  the  M.V.  and  length  of  twist. 

Effects  produced  hy  a  Projectile  depend  on  its  Velocity. 

Haviug  ascertained  the  mode  of  arriving  at  the  velocity  both  of  trans- 
lation and  rotation,  the  former  at  any  point  of  the  trajectory  and  the 
latter  at  the  muzzle,  let  us  see  how  we  apply  this  knowledge  to  ascertain 
the  effects  the  gun  can  produce  by  means  of  its  projectile. 
We  have  the  three  general  cases  of — 
(I.)  Field  Ordnance. 
(2.)  Siege        „ 
(3.)  Heavy      „ 


*  To  give  an  easy  example:  Taking  the  lO-inch  service  gun — 

\^_400 

9 


Where  M.V.  =  1364  f.8. 


M  =  W  = 


2240' 9 


tODff. 


and 


i  ■ 


k'')  =  j{ 


n  = 

d  =. 

13642 


40 
>^ft 


k2=!? 


12 
(2x2)}  x| 


8 


400 


2240 -g 


8  J 


which  when  worked  out,  gives  us  about  16  foot  tons  of  kinetic  energy  of  rotation. 
t  Looking  at  the  projectile  as  a  cylinder  of  mass  M  and  radius  -  ' 

X  Not  knowing  what  is  the  co-efficient  of  friction  of  the  air. 

§  e.g.,  Let  us  take  the  case  of  an  8-inch  gun — 

Where  M.V.  «  1400  f.s.  about 

And  suppose  that  we  want  to  know  what  twist  we  should  give  to  an  S-ioeb 
howitzer,  which  is  to  throw  the  same  projectile,  but  the  M.V.  of  which  we  require  to 
be  low,  ai4  it  is  intended  for  high-angle  fire. 

We  want,  say,  a  M.V.  of  550  f.s. ;  supposing  the  time  of  flight  to  be  about  eqotl, 
then  the  D  or  angular  V  must  be  the  same  in  each  case,  and  we  have 

^"^    X  1400  for  8"  gun, 


nd  40'd 


n'd  n'd 

bat  as  these  are  equal— 

2        J55 

n'  "*  7 
or  the  twist  should  be  about  1  in  16  calibres. 


55b  for  8"  howitzer ; 


or  n 


/  


110 
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(] .)  The  power  of  a  field  gun  must  be  measured  by  its  shell  *  power  q^j^^  xill. 

which  again  is  proportionate  to  the  range  at  which  it  can  produce  a         L. 

sufficiently  murderous  effect  and  to  the  effect  itself.     As  to  the  latter  the  By  field  guns. 

tendency  now  is  to  evaluate  it  by  the  number  of  effective  bullets  or 

splinters  which  a  shrapnel  shell  gives  over  a  stated  area ;  the  greater 

the  maximum  range  at  which  this  effect  can  be  produced,  cmterU  paribus^ 

the  more  powerful  is  the  piece,  and  as  this  range  depends  upon  velocity  f 

we  must  decide  upon  what  velocity  is  necessary  at  that  maximum  range 

to  give  the  bullets  or  splinters  sufficient  energy  to  disable  a  man.J 

Again,  the  manner  and  direction  in  which  the  bullets  and  splinters 
spread,  and  so  the  amount  of  destructive  space  covered  by  them,  whether 
the  shell  bursts  in  the  air  or  upon  impact,  will  depend  for  any  given 
range  upon  the  flatness  or  tension  of  the  trajectory,  and  this  again  is 
consequent  upon  the  calibre  and  M.V.  with  equal  weight  of  projectile. 

We  have  but  few  experimental  data  as  yet  upon  this  point  and  so  are 
tied  down  to  measure  the  effects  of  a  gun  as  valued  by  the  effect  of  its 
shrapnel  shell,  by  finding  out  through  what  extent  of  range  the  remaining 
velocity  of  the  shell  will  be  sufficient  to  impart  to  its  bullets  §  the 
necessary  energy  for  the  destruction  of  life ;  and  in  conjunction  with 
this,  taking  into  consideration  the  number  of  bullets  the  shell  contains 
and  their  individual  weight. 

Comparing  these  with  the  actual  effective  hits  made  upon  targets  by 
the  bullets  of  loaded  shell,  and  with  the  deviations,  vertical  and  lateral, 
of  similar  shells  fired  without  fuzes,  we  can  arrive  at  a  very  tolerable 
idea  of  the  effects  the  gun  can  produce,  an  idea  sufficient  for  purposes 
of  comparison. 

(2.)  The  effects  required  to  be  produced  by  ^iege  guns  are  so  different  Siege  gum. 
from  those  we  wish  field  guns  to  afford  that  we  must  use  a  different 
measure  for  their  value. 

A  siege  piece  is  either  required  for  direct  fire  to  strike  masonry  or 
earthwork  with  a  projectile  having  sufficient  energy  to  pierce  it  and 
afterwards  burst,  or  else  to  fire  at  high  angles  a  heavy  projectile  having 
a  very  curved  trajectory,  also  to  pierce  masonry  or  earthwork,  and  to 
have  as  heavy  a  bursting  charge  as  possible,  in  order  to  tear  through 
the  roofs  of  magazines,  casemates,  &c. 

(3.)  The  effects  produced  by  the  projectile  of  a  heavy  gun  may  be  Effects  pro- 
measured  by  its  power  of  piercing  iron  plates.     This  power  is  found  duced  by  heavy 
(with  projectiles  of  the  same  form,  material,  ||  and   weight)   to   vary  fpo^' 
approximately  with  the  kinetic  energy  of  a  projectile,  and  inversely  as 
its  diameter  or  circumference,  or  some  function  of  the  same. 

*  In  the  case  of  common  shell  this  would  of  course  be  much  more  dependent 
upon  the  bursting  charge  of  the  shell  itself  than  when  shrapnel  are  employed  as  the 
measure  of  effect. 

f  With  similar  calibres  and  weights  of  projectile. 

X  According  to  Major  Maitland,  R.A.,  this  should  be  about  800  f.s.,  with  such 
ballets  as  we  employ  in  our  service  M.L.  shrapnel,  vide  an  interesting  paper  published 
in  proceedings  R.A.I.,  vol.  IX.,  p.  384. 

§  It  is  perhaps  more  advisable  in  the  case  of  shrapnel  to  leave  out  altogether  the 
question  of  splinters,  and  to  compare  the  available  amount  of  space  in  the  shell  for 
bullets. 

II  The  material  is  naturally  of  importance,  and  here  again  we  find  a  defect  in 
the  lead-coated  projectiles  used  with  the  heavy  Krupp  R.  B.L.  guns,  with  which,  as 
stated  in  Captain  v.  Doppelmair's  pamphlet,  '*  we  shall  not  be  much  in  error  when 
calcolating  the  momentum  (energ}-  ?)  of  a  lead-coated  shot  if  we  only  take  into 
account  the  weights  of  the  cast  iron  or  steel  core." 

This  will  account  for  the  want  of  material  difference  in  the  penetrative  power  as 
foond  by  experiment  of  the  two  ^ns  mentioned  in  note,  p.  323,  whose  respective 
energies  (owing  to  the  greater  weight,  length,  and  charge  of  the  R.B.L.)  were  as 
8,817  foot'tons  to  8,018  foot-tons  with  the  M.L.,  which  would  by  the  ordinary' 
fbnmila  give  not  equal  powers  of  penetration  as  observed,  hot  powers  in  the  ratio  of 
118-5  :  100. 
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The  experiments  carried  on  against  anBoar  plates  have  not  h&ai 
sufficiently  nnmerons  nor  exact  to  allow  of  formula  being  deduced 
therefrom  which  we  can  relj  upon  as  being  nndo'  all  circomstances 
absolntelj  accorate.  Such  formula  as  those  given  below  prore^  howerer, 
verj  usefuly  not  onlj  for  the  purpose  of  comparing  the  penetnting  or 
perforating  power  (at  any  particular  range)  possessed  by  the  projectiles 
of  different  pieces,  but  also  as  allowing  us  to  calculate  apfMtiximately 
what  this  power  will  be. 

Let  W  =  weight  of  projectile^ 
r  =  radius  of         „ 
V  =  velocity  of  same  at  any  point, 
£  =  kinetic  energy  », 

€  =  kinetic  energy  per  inch  of  shot's  circumference. 


^  =< 


f  = 


ion, 


thickness  of  iron  plate  the  projectile  1  rf     t\ 

can  pierce  -  -  -  j       ^ 

'thickness  of  iron  it  can    penetrate!  ^    ^. 

*^  s  =  penetration, 


Then  E  = 


without  perforation 
Wr*  E 


and    «  = 


2  g      '         "       2t  r 

The  formula  (a)  of  Captain  A.  Noble,  F.R.S.,  as  well  as  the  modifi- 
cation of  the  same  (fi)  (from  the  result  of  further  experience)  by  Major 
W.  H.  Noble,  R.A.,  are  of  the  form  e  =  (A  e)*^,  where  {d)  and  (c)  are 
constants  depending  upon  the  nature  of  the  projectile  and  the  material 
of  the  plates  to  be  pierced  :  with  ogival-headed  chilled  projectiles  against 
wrought  iron  plates  these  constants  are  as  shown  below. 


(«)     / 
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1 15,  ore  = 


3i8n-5 


«>orc  =  2'52<i« 


Captain  English,  E.E.,  gives  formulae  (7)  for  finding  /  or  /^,  but  they 
are  too  long  to  be  given  here  t»  extenso.  They  will  be  found  in  R.E. 
Corps  Papers,  1871,  Vol.  XIX. 

Major  Maitland,  K.A.,  gives  the  following  (S)  for  perforation  of  iron 
plates  with  chilled  ogival-headed  projectiles, 

(I)    t  =  5 =  ? 

^^  (4-733)»r3       (14-87)  r* 

In  this  formula  it  will  be  seen  that  Major  Maitland  has  considered 
the  action  of  the  ogival-headed  projectile  as  a  wedging  rather  than  a 
punching  action,  and  takes  the  sectional  area  instead  of  the  circum- 
ference as  used  by  Captain  Noble  and  Major  Noble. f 


Pressure  on 
walls  of  bore 
and  upon 
grooTcs. 


2.  Work  done  upon  the  Gun. 

Having  given  a  slight  sketch  of  some  of  the  methods  by  which 
we  arrive  at  the  comparative  power  of  a  piece  of  ordnance,  as  measured 
by  the  effect  which  its  projectile  produces,  we  will  proceed  to  explain  in 
what  manner  we  find  out  by  actual  experiment  whether,  in  giving  the 
velocity  to  the  shell  which  is  necessary  for  the  production  of  such  efiectfl^ 
we  strain  the  walls  of  our  gun  too  much  or  otherwise  ;  also  whether  we 


*  This  formula  is  that  hitherto  geuerally  used  by  us  in  calculating  such  tablet  as 
that  at  pp.  849, 850,  which  give  the  kinetic  energy  of  shot  fired  from  our  service  otd- 
nance  at  various  ranges. 

f  Many  of  the  experiments  on  which  their  formula  are  based  were  carried  imt 
with  flat-headed  projectiles,  or  with  projectiles  which  upon  strikixig  t^  plait 
guch,  practically. 
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exert  too  great  a  stress  or  pressnre  upon  the  coating  or  projections  and  CHAF.  XIII. 
the  grooves  employed  to  give  rotation.*  — • 

The  first  point  mentioned  is  of  immense  importance,  and,  as  already 
mentioned,  the  labours  of  the  Committee  on  Explosives,  under  the 
presidency  of  Colonel  Younghusband,  F.R.S.,  from  1869  to  the  present 
date,  have  given  us  invaluable  information  and  a  mass  of  most  useful 
data,  and  may  be  said  indeed  to  have  revolutionised  the  manufacture  of 
our  powder,  and  to  have  elucidated  many  a  problem  as  to  the  action  of 
the  products  of  the  charge  upon  both  gun  and  projectile,  which  before 
had  been  insoluble. 

Attempts  had  previously  been  made  to  measure  experimentally  the  Rodman's 
pressure  exerted  by  the  powder  gas  on  the  walls  of  the  gun,  and  the  method  of    • 
American  Ordnance  officer  Captain  Rodman f  invented  a  pressure  gauge  ™®**'"^' 
in  1861,  upon  which  that  now  employed  by  us  was  founded. J 

Means  of  determining  Pressure  in  Chin. 

We  employ  two  distinct  methods  §  of  determining  the  pressure  on  the  Modes  nsed 
waUs  of  the  bore,  viz. :  —  by  us  to  ascer- 

(I.)  By  means  of  "  crusher  gauges/'  which  register  the  maximum  .  ^  pressure 
pressure  at  various  parts  along  the  bore.  ^   *^5®' 

(11.)  By  the  use  of  the  chronoscope,  which  enables  us  to  measure  the  ^^' 
velocity  of  the  projectile  at  several  successive  points  of  its  passage  ?^ 
through  the  bore,  and  thence  to  calculate  the  mean  pressure  exerted  by  ^  ' 

the  gas  at  these  points. 

Measuring  Pressures  by  Crusher  Gauges. 

The  crusher  gauge  ||    is  shown  in  the  diagram  on  the  next  page.     It  Description  of 
consists  of  a  steel  bush  (Fig.  1),  of  the  same  dimensions  as  the  vent-bush  Crasher  gauge. 

*  Vide  Chapter  II. 

f  Vide  **  Report  of  Experiments  on  the  properties  of  Metals  for  Cannon,  and  the 
"  qualities  of  Cannon  Powder." — By  Captain  Rodman,  Ordnance  Department, 
U.S.A.,  1861. 

{  In  fact  the  Rodman  pressure  gauge  was  used  by  the  Committee  in  their  earlier 
investigations,  but  the  results  obtained  were  so  variable  that  it  was  superseded  by 
the  crusher  plug  described  in  the  next  page.  In  the  Rodman  gauge  the  pressure  was 
measured  by  the  depth  of  indent  made  by  a  knife  driven  up  by  the  powder  gas 
against  a  copper  cylinder ;  and  the  objections  were  that  the  shape  and  size  of  the 
*'  Rodman ''  coppers  and  knives  render  it  imperative  to  place  them  at  the  upper 
extremity  of  the  plug,  and  consequently  on  the  exterior  of  the  gun  (if  muzzle- 
loading)  ;  the  gas  has,  therefore,  a  considerable  space  to  travel  through  between  the 
powder  chamber  and  the  instrument.  Thus,  before  reaching  the  latter,  it  has  attained 
a  high  vis  viva^  especially  in  quick  burning  powders ;  this  is  transferred  to  the  knife, 
and  the  recorded  pressures  are  therefore  always  much  higher  than  should  be  the 
case.  This  was  clearly  shown  by  placing  a  copper  cylinder  in  one  of  the  Rodman 
gauges,  and  comparing  its  compression  with  that  of  a  similar  cylinder  taken  from 
the  crushing  instrument. 

In  the  case  of  R.L.G.  powder,  the  inner  cylinder  was  compressed  from  0*500  in. 
to  0'  285  in. ;  the  area  on  which  the  gas  acted  being  *  167  of  a  square  inch,  and  the 
corresponding  pressure  22^  tons  per  square  inch. 

On  the  other  hand,  the  cylinder  placed  externally  was  reduced  from  0'500  to 
0'251  in.;  the  gas  acung  on  an  area  of  0*110  square  inch,  and  the  corresponding 
pressure  being  40  tons  per  square  inch. 

The  above  obstacle  to  the  attainment  of  correct  pressure  indications  does  not  exist 
in  the  crusher  gau^,  as  the  small  diameter  of  the  working  parts  of  this  instrument 
permits  of  their  being  placed  near  the  surface  of  the  bore. 

§  I  have  taken  much  of  the  following  description  out  of  a  most  useful  paper  on 
"  Instruments  for  taking  Velocities,  &c.,"  by  Captain  Jones,  R.A.,  in  Proceedings, 
BJ^.I.,  Vol.  IX.,  No.  6. 

II  The  idea  of  ascertaining  the  pressure  by  the  amount  of  "  crushing  "  or  compres- 
sion of  small  cylinders  of  copper,  originated  in  the  Royal  Gun  Factories,  in  which 
department  these  gauges  were  first  manufactured. 


338 


HEASDRIKG   AND   COMPARING  POWEBS  OF  GDNS. 


CHAP.  Xm    nsed  for  aD  our  service  guns,  provided  with  a  moTeable  base  or  noule 
-^  screwed  on  to  the  bush.    The  interior  of  the  noule  ib  hallowed  out  so 

as  to  form  a  chamber,  in  which  is  placed  a  steel  anvil,  with  grooves 
along  its  surface  communicating  with  a  channel  corresponding  with  the 
vent-channel  in  a  veot  bush.  Thus  any  gas  that  may,  by  accident,  And  it* 
way  into  the  crusher  chamber  has  a  free  escape  into  the  air  (this  channel 
has  been  omitted  in  the  cruBhera  for  the  60-ton  gun).  In  the  chunber  is 
placedftHmall  cylinder  of  copper,*  ^^(li'igB.  land  2),  half-an-inch  in  length 
and  I'^th  of  a  square  inch  in  sectional  areft.  This  cylinder  ia  held  lightly 
(but  not  prevented  from  expanding  laterally)  in  the  centre  of  the  chnnber, 
by  a  email  watch  spring.  One  end  reals  against  the  anvil,  while  the 
other  end  is  acted  on  by  a  piston,  C  (Fig.  1),  which  is  moveable  in  the 
noszle,  and  is  pressed  against  the  copper  cylinder  by  a  small  spring. 
The  lower  end  of  this  piston  is  \ih  inch  in  area  (under  ordinary  circnm- 
stanoes)  and  is  open  to  the  pressure  of  the  powder  gas ;  »  small  brass 
cnp,  or  ^as  check,  D,  beiu^;  inserted  to  prevent  the  gas  from  penetra- 
ting past  the  piston. 


•  Where  extreme  sccunicj  is  required— m  in  the  late  experiments  wWi  the  XMm 
Itnn— each  cnpjier  cflindrr  U  tested  previons  to  being  inserted  in  the  gauge.  IHt  > 
done  by  cnishiDg  fhcni  nil  up  to  ii  gireo  presBnre  (say  18  tons  on  the  ■qDSniod) 
— r»lher  Ipsa  thfin  ihe  presaurc  which  the  cnifiher  gauge  is  expected  to  weoij  wMtt 
method  of  procedure  hia  the  additional  advantage  of  eliminsluig  Mtne  irTegaluitil* 
■      '-'--'  -' ^-■- -■ ■ -w»,te.T»Srtl« 


.0  which  the  crusher  gauge  han  been  found,  under  certain 
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The  gauge  is  used  as  follows: — A  hole  is  bored  in  the  gun  in  the   CHAP.  XIII. 

required  position  (see  Plate  D.),  into  which  the  gauge  is  screwed  until  

the  end  of  the  plug  is  flush  with  the  surface  of  the  bore.     On  the  ex-  Copper 
plosion  of  the  charge,  the  copper  cylinder  is  crushed  between  the  piston  *''"*'^*"  '"•^ 
and  the  anvil,  and  the  amount  of  compression  is  an  indication  of  the 
pressure  exerted  by  the  gas  at  that  point.     The  actual  pressure  corre- 
sponding to  any  given  compression  of  the  crusher  cylinder  is  arrived  at 
by  compressing  a  series  of  similar  copper  cylinders  in  the  statical  testing  ». 

machine  in  the  Royal  Gun  Factories,  and  tabulating  the  results.  It  is 
found  that,  with  proper  care  in  the  selection  and  testing  of  the  copper, 
the  results  are  very  reliable. 

The  compression  of  the  cylinder  in  the  crusher  gauge  is  ascertained 
by  removing  the  plug  from  the  gun,  unscrewing  the  nozzle,  taking  out 
the  cylinder,  and  measuring  its  length  by  means  of  a  micrometer  read- 
ing to  the  one-thousandth  of  an  inch.  A  reference  to  the  tabulated 
results  of  the  previous  compression  of  similar  coppers  in  the  testing 
machine  at  once  gives  the  pressure  in  tons  on  the  square  inch  without 
any  calculation.  The  gauge  is  cleaned,  a  fresh  copper  cylinder  is  inserted 
in  the  chamber,  and  the  nozzle  is  screwed  home,  when  the  apparatus  is 
ready  for  immediate  use. 

The  crusher  gauge  has  been  in  almost  daily  use  for  several  years, 
and  from  its  extreme  simplicity,  combined  with  very  great  accuracy,  it 
has  been  found  to  be  invaluable.* 

When  it  is  not  considered  advisable  to  bore  holes  for  the  gauges  in 
service  guns,  the  pressure  has  been  obtained  at  three  points — viz.  (1)  by 
a  crusher  in  the  base  of  the  projectile,  (2)  by  a  copper  cup,  in  which  a 
gauge  is  fastened,  at  the  end  of  the  bore,  (3)  by  inserting  a  gauge  in  the 
vent  bush  hole,  and  firing  the  gun  by  electricity,  wires  being  passed 
down  the  bore  from  tho-  muzzle  to  the  cartridge.  By  this  means  the 
pressure  is  approximately  arrived  at ;  but  since  the  copper  cup  is  liable 
to  a  certain  amount  of  motion,  the  record  given  by  the  gauge  inserted  in 
it  is  not  always  reliable.  The  pressure  recorded  by  the  gauge  in  the 
base  of  the  projectile,  when  charges  of  powder  suitable  to  the  calibre  of 
the  gim   are   employed,  is  always  somewhat  less  than  the  maximum  ^ 

pressure  in  the  powder  chamber  as  shown  by  the  other  gauges.f 

To  give  some  idea  of  the  pressures  recorded  by  the  gauges  in  a  large  Regularity  of 
gun,  the  following  table  is  extracted  from  the  Report  of  the  Committee  pressures 
on  Explosives  on  the  38-ton    12*5-in.  gun.     This  gun   is  bored  for  according  to 
crusher  gauges  in  17  places  : — A  is  in  the  axis  of  the  bore  at  the  breech  ^?^  of  expan- 
end ;  1  is  1  foot  from  the  end  of  the  bore ;  2  is  2  feet  from  the  end  "  K»»€8. 

of  the  bore ;  and  so  on,  up  to  16,  which  is  16  feet  from  the  end  of  the 
bore  and  6  •  5  ins.  from  the  muzzle.  "  The  regularity,"  says  Captain 
Jones,  "  with  which  the  pressure  decreases  as  the  powder  gas  expands 
— the  necessary  consequence  of  the  law  of  expansion  of  gases — though 
partially  counteracted  by  the  evolution  of  gas  from  the  unconsumed 
portion  of  the  charge,  which  continues  to  burn  until  the  shot  leaves 
the  muzzle,  is  beautifully  exhibited  by  these  experiments." 


*  The  following  rifled  guns  have  been  fitted  with  these  gauges  in  the  manner 
•hewn  at  Plate  D.  : — 9-pr.  M.L.,  16-pr.  M.L.,  25-pr.  M.L.,  40-pr.  M.L.,  80-pr.  M.L., 
7-in.  B.L.  (in  vent-piece),  8-in.  M.L.,  10-in.  M.L.,  11-in.M.L.,  12<in.  M.L.(S5  tons), 
12-iii.  (85  tons),  and  12*5-in.  M.L.  (38  tons),  and  80-ton  M.L.  in  the  l4*5-in.,  15, 
and  16  ins.  calibre. 

t  This  is  probably  dae  to  the  fact  that  the  inertia  of  the  shot  is  overcome,  and  it 
therefore  begins  to  move,  before  the  maximum  pressure  is  reached,  and,  being  in 
motion,  the  gauge  is  not  influenced  to  the  same  extent  as  those  that  are  fixed  in  the 
walls  of  the  gun. 
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CHAP.  XUL      Table  sbowing  the  Pkessubes  recorded  bj  the  Crdsbu  Gadau 
in  the  Bore  of  the  I2-5-m.  (38-ton)  Gnn. 
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Meaauring  Pteuwe  byvaet^thc  Cknmoicope. 

The  instniment  (vide  plate  opp.)  used  for  measming  the  velocity  at  verj 
small  iatervals  along  the  bore  is  the  Noble  chronoscope.*  It  enablu 
UB  to  meaaure  the  time  taken  by  the  shot  in  pssaing  over  certain  small 
successive  spaces  in  the  bore  of  the  gun,  and  calculating  therefrom  the 
velocity  of  the  shot  in  passing  over  each  small  space,  and  ultimately  the 
mean  pressure  acting  on  it  through  this  space. 

The  following  description  is  taken  from  the  first  Progress  Report  of 
the  Committee  on  Explosives,  dated  February  1870,  as  modified  by 
Captain  Jones,  R.A.,  the  present  secretary  of  the  committee,  so  as  to 
include  the  latest  improvements  in  the  instrument  and  in  the  metliod  ti 
employing  it. 

The  principle  of  action  consists  in  regiBtering,  by  means  of  electric 
currents  upon  a  recording  surface  travelling  at  a  uniform  and  very  hi^ 
speed,  the  precise  instant  at  which  a  shot  passes  certain  defined  points 
in  the  bore. 

It  consists  of  two  portions — firstly,  the  mechanical  arrangement  for 
obtaining  the  necessary  speed  and  keepiog  that  speed  uniform ;  seoondly, 
the  electrical  recording  arrangement. 

The  first  part  of  the  instrument  consists  of  a  series  of  thin  metal 
discs,  AA  (in  fig.  1),  each  36  ins.  in  circumference,  fixed  at  int^ 
vals  upon  a  horizontal  shaft,  SS,  which  is  driven  at  a  high  apeel 
by  a  heavy  descending  weight  acting  on  a  chain,  B,  arranged  according 
to  a  plan  originally  proposed  by  Huyghens,  through  a  train  of  gearing 
F,  mutiplying  200  times.  The  driving  weight  is,  during  the  expcn- 
ment,  continually  wound  up  by  means  of  the  handle  T.\ 


■  The  iDventioii  of  CapbiiD  A.  Noble,  F Jt.S.,  Uto  It.A,,  &  memljeT  ol  the  Ann  cl  8b 
W.  O,  ArmstroD^  &  Co,,  io  whote  works  at  ElBirick  Ihe  innnunent  was  made. 

f  If  the  requisite  speed  of  rotation  were  got  up  bj  tbe  ootion  of  the  fkUing  nUl 
a]oDe,  s  consideiablo  wiuite  of  time  would  ensue.  To  obTiale  this  inconvenieiiee,  na 
required  Telooity  cnn  be  obtained  with  great  rapidity  by  metuit  of  the  haodle,  C'. 

The  precise  rate  of  the  discs  is  Bscectained  by  mcsna  of  the  stop  dock,  D,'*'" 


accuracy  to  the  one-tenth  part  of  a  second. 

The  q>eed  usually  atttuncdin  working  theinslmment  isaboal  1,100  int.  periewad 
lincur  velooily  at  the  circumference  of  the  revolTing  disci,  Bo  that  each  iodi  uafdM 
at  Ihiit  speed  represeuti  aomewbat  lota  than  the  oii»4honiandth  part  dt  a  leeaod ;  vi 
ai  the  iBch  ii  subdirideU  by  the  veroier,  V,  into  a  thouMod  parti,  ■  " 
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Plate  D.  CHAP.xm. 


'NoTS. — *  To  avoid  compUcBiian  only  one  iDdndioD  coil  tind  cell  ia  shown,  ■  cell  Mid  coil 
being  rrqairi'd  fur  eai^li  disc, 
t  Tlie  hBDdvrhccl  Bhova  in  Figs.  1  and  a  hat  been  Kplaoed  by  a  lover. 
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CHAP.  XIII.       The  modus  operandi  is  as  follows  : — When  the  requisite  speed  of 

rotation  has  been  attained,  the  stop  clock  is  connected  with  the  shaft, 

E,  and  the  time  occupied  by  the  wheel,  F,  in  making  five  revolutioni— 
that  is,  the  time  occupied  by  the  discs,  A,  in  making  1,000  revolutioiifl 
—is  recorded. 

After  the  wheel,  F,  has  mode  one  revolution,  unconnected  with  the 
clock,  the  time  of  maJting  1,000  revolutions  is  again  observed,  and  in 
the  middle  of  this  observation  the  gun  is  fired. 

After  the  wheel,  F,  has  again  mode  one  revolution,  the  time  of  1,000 
revolutions  is  once  more  recorded,  and  the  instrument  is  stopped. 

An  idea  of  the  degree  of  uniformity  realised,  when  the  instrnment  is 

in  working  order,  will  be  furnished  by  the  observations  of  speed  of  the 

instrument  for  six  consecutive  rounds,  which  are  given  below.* 

Speed  of  re-  The  maintenance  of  the  speed  with  so  great  a  degree  of  uniformity, 

cording  discs,     is  obtained  by  means  of  a  very  great  accuracy  of  workmanship  in  all 

parts  of  the  mechanism. 

The  arrangements  for  obtaining  the  electrical  records  are  as  follow : — 
The  edges  of  the  revolving  discs  arc  covered  with  smoke  by  means  of 
an  oil  lamp,  and  are  connected  with  one  of  the  secondary  wires,  G 
(Fig.  1)  of  an  induction  coil.  The  other  secondary  wire,  JET,  carefullj 
insulated,  is  brought  to  a  discharger,  K,  opposite  the  edge  of  its  corre- 
sponding disc,  and  is  fixed  so  as  to  be  just  clear  of  the  latter. 


tioD,  at  the  circumference,  is  thus  obtained  of  intervals  of  time  as  minnte  as  the  one- 
millionth  part  of  a  second.  As  a  small  variation  in  sl>eed  would  affect  the  relatioo 
between  the  several  records  obtained,  the  uniformity  of  rotation  is  ascertained  on  each 
occasion  of  experiment  by  three  observations — one  immediately  before,  one  during, 
and  one  immediately  after  the  experiment^the  mean  of  the  three  observation?  being 
taken  for  the  average  speed. 

With  a  little  practice,  there  is  no  difficulty  in  arranging  the  instrument  so  that  the 
discs  may  rotate  either  uniformly,  or  at  a  rate  very  slowly  increasing  or  decreasmg. 

*  Clock  Rradinoh. — ExrEitiiiKNTS  withS8-T0N,  12-in.  Gun. 

Bound  No,  14. 


1st  observation,  1,000  revolutions  made  in 

2nd 

3rd 

* 

- 

Observed  time 
sees. 

-  32-0 

-  31-9 

-  31-8 

Bound  No,  1 5. 
1st  observation,  1,000  revolutions  made  in 
2na                    „                    „ 
3rd                     „                    „ 

- 

m 

- 

82-0 
31-9 
31-9 

Bound  No.  16. 

1st  observation,  1,000  revolutions  made  in 

2nd                    „ 

3rd                     „                    „ 

" 

" 

" 

31-5 
31-7 
31-6 

Bound  No.  17. 

1st  observation,  1,000  revolutions  made  in 
8rd                      „                     „ 

- 

^ 

Mi 

31*5 
31-4 
31-5 

Bound  No,  18. 

1st  observation,  1,000  revolutions  made  in 

2nd 
3rd 

• 

- 

" 

31*6 
31-6 
31*6 

Bound  No,  19. 

1  St  observation,  1 ,000  revolutions  made  in 

2nd 

3rd 

" 

m 

• 

32-0 
32*1 
32-9 
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Wiien  a  spu-k    passes   from   the   tlischargcr  to   the   disc,  a  minuto    CHAP.  Xllt 

portion  of  the  lamp-black  is  burnt  awnj  upon  that   part  of   the  disc  

which  was  opposite  to  the  discharge  at  the  instant  of  the  passage  of  the 
spark.  A  distinct  spot  is  left  on  llie  blackened  disc,  the  iRmp-black  at 
that  point  having  been  burnt  awaj  by  the  spark,  so  that  the  vessel  is 
shown  beneath. 

The  mode  of  connecting  the  primary  wires  of  the  in<luction  coils  with 


Kg.  8. 


Cutting  Plugs. 
Scale  i- 


Eg  I 


the  bore  of  the  gun  in  such 


that  the  shot,  in  paaaiug  a  defined 
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CHAT.  XIII.  point,  shall  sever  the  primary  current,  and  thereby  produce  a  spark 

from  the  secondary,  is  shown  in  the  diagram  above,  which  represent 

a  longitudinal  and  a  transverse  section  of  the  bore,  B,  of  the  gon, 
along  which  the  shot,  A^  is  moving. 

Catting  pings.       A  hollow  plug,  C,  is  screwed  into  the  gun,  carrying  at  the  end  next 

the  bore  a  cutter,  Z>,  which  projects  slightly  into  the  bore.  The  cotter 
is  held  in  this  position  by  the  primary  wire,  e,  which  passes  in  at  one 
side  of  the  plug,  C,  then  through  a  hole  in  the  cutter,  />,  and  out  again 
at  the  other  side  of  the  plug.  The  two  ends  of  this  wire  are  connected 
with  the  main  wires  leading  to  the  instrument  when  the  plugs  have 
been  fixed  in  this  gun. 

When  the  shot,  Aj  is  fired,  it  presses  the  cutter  into  the  second 
position  as  shown  in  the  figure,  thereby  severing  the  primary  wire,  and 
causing  the  induced  spark  instantaneously  to  pass  from  the  discharger 
to  the  disc,  its  passage  being  marked  by  the  spot  left  upon  the  edge,  as 
already  described.  To  prevent  a  possibility  of  the  cutter  being  forced 
down  by  any  gas  that  may  escape  past  the  projectile,  a  safety  pin,  /, 
secures  the  cutter  firmly  in  its  place.  This  safety  pin  is  cut  simd* 
taneously  with  the  primary  wire. 

The  mode  of  reading  the  observations  is  as  follows  : — ^After  an 
experiment  has  been  made,  and  the  series  of  sparks  has  been  found  on 
the  discs,  the  mark  on  No.  1  disc  is,  by  means  of  a  micrometer  screw, 
brought  precisely  opposite  to  the  point  of  the  discharger  ;  the  vernier, 
F,  is  then  attached  to  the  extremity  of  the  shaft,  ^S^,  is  firmly  fixed 
'there,  and  is  set  at  zero. 

The  spark  of  No.  2  disc  is  then  brought  precisely  opposite  to  its 
discharger,  the  vernier  reading  is  recorded,  and  so  with  the  other  discs 
in  succession.* 


Guns  as 
prepared  for 
gauges. 


Experitnetital  Crun  prepared  for  Crusher  and  Cutter  Plugs, 

The  gun  shown  in  plate  D.  is  an  1 8- ton  10-in.  rified  M.L.  gun, 
having  a  length  of  bore  of  145*5  ins. 

It  was  tapped  at  three  places  in  the  powder  chamber  to  receive 
crusher  gauges.  These  holes  could  be  closed  with  solid  plugs  when  DOt 
required.  The  cutting  plugs  belonging  to  the  chronoscope  were  18 
in  number,  and  were  fitted  into  holes  at  various  intervals  along  the 
bore,  as  shown  in  the  plate.  When  not  required  for  the  chronoscope 
these  holes  could  be  used  for  crusher  gauges,  or  were   closed  widi 


*  It  is  obvious  that  the  results  furnished  by  an  instrument  intended  to  measore  tke 
very  small  intervals  of  time  necessary  for  the  investigations  in  which  the  Comniittfe 
have  been  engaged,  would  be  liable  to  be  received  wiUi  great  suspicion,  were  there  no 
means  of  testing  the  accuracy  of  the  instrument ;  accordmgly,  one  of  the  chief  objcctt 
in  its  design  was  to  arrange  that  the  accuracy  of  the  indications  could  at  any  time  be 
tested  witib  facility. 

Each  disc,  discharger,  and  mduction  coil,  form,  so  to  speak,  an  independait  in- 
strument for  recording  the  spark  when  the  primary  wire  is  broken ;  and  it  is  obriov 
that,  if  the  whole  of  the  primaries  are  cut  simultaneously,  the  sparin  on  aU  the  diiei 
should  be  in  a  straight  line,  and  the  deviations  from  a  straight  line — that  is,  firom  la 
absolutely  simultaneous  record — give  the  instrumental  errors. 

Great  difficulties  have,  however,  been  experienced  in  securing  a  simnltaDeooi 
rupture  of  the  primary  wires,  and  the  method  found  most  satisfiictory  hat  bees  10 
connect  each  circuit  with  a  fine  insulated  wire,  and  to  wind  each  of  these  fiBCviicf 
tightly  round  the  body  of  a  detonator,  containing  about  100  gn.  of  {ohmnateol 
mercury.  On  firing  the  detonator  by  electricity,  the  whole  of  the  wiret  may  he  ^ 
nearly  simultaneously,  and  the  action  of  the  instrument  examined. 
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solid  plugs.    The  construction  of  the  cutting  plugs  has  been  already   CHAP.  XIII. 

described.     The  holes  for  the  cutting  plugs  at  the  breech  end  of  the         

bore  were  so  arranged  that  the  front  edge  of  the  projectile  was  flush 
with  one  of  them  with  each  of  the  different  charges  employed.  The 
projectiles  used  in  these  and  similar  experiments  are  cast  iron  cylinders, 
having  a  windage  of  only  0*01  in.* 

After  the  discharge,  the  first  operation  is  to  wash  out  the  gun ;  all 
the  plugs  are  then  removed  and  the  holes  dried  preparatory  to  another 
round. 

The  coppers  are  taken  irom  the  crushers,  stamped  with  the  number 
of  the  round,  and  the  measurements  recorded. 

The  following  table,  extracted  from  the  Report  of  the  Committee 
on  the  12'5-inch  38-ton  gun,  shows  the  velocity  of  the  shot  in  passing 
over  each  foot  of  the  bore  from  its  initial  position,  and  the  pressures 
recorded  by  the  crusher  gauge.  Charge,  130  lbs.  l*5-in.  cubical  power  ; 
projectile,  800  Ibs.f 


Comparison  of 
results  of  the 
two  methods. 


No.  or 

Mean  of  4  Bounds. 

Mean  of  S  Bounds  with  Gas  Checks. 

Letter  of 
Ping. 

Pressure. 

Velocity. 

Difference 
in  Velocity. 

Pressure. 

Velocity. 

Difference 
in  Velocity. 

A 
1 
2 
8 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

tons  per 

sq.  in. 

23-8 

23-8 

22*5 

19-9 

14-2 

11-6 

7-0 

3-8 

2-9 

• 

1-4 
1-6 
1-3 
1-1 
0-6 

f.  s. 

137 
670 
914 
1,041 
1,110 
1,165 
1,212 
1,252 
1,286 
1,315 
1,340 
1,361 
1,379 
1,395 
1,409 

f.  8. 

533 
244 
127 
69 
55 
47 
40 
34 
29 
25 
21 
18 
16 
14 

tons  per 

sq.  in. 

231 

23-6 

22*2 

28-0 

160 

11-4 

6'9 

3-9 

2-9 

• 

1-5 
1-7 
1-5 
1-3 
0-5 

f.   8. 

125 
665 
895 
1,025 
1,097 
1,154 
1,203 
1,245 
1,281 
1,312 
1,339 
1,362 
1,382 
1,400 
1,416 

f.  s. 

540 
230 
130 
72 
57 
49 
42 
36 
31 
27 
23 
20 
18 
16t 

*  The  loading  of  the  gun  is  conducted  as  follows  :  -> 

The  cartridge  is  made  up  to  the  required  diameter  ;  it  is  then  inserted  into  the 
shot  chamber,  the  projectile  is  next  poshed  home  gently  until  a  stop  on  the  rammer 
comes  into  contact  with  the  face  of  the  muzzle.  Thus  the  head  of  the  shot  is  brought 
to  the  same  position  in  each  round,  and  the  cartridge  always  touches  the  base  of  the 
prcjectile. 

The  crushers  and  cutting  plugs  are  then  inserted  into  their  respective  holes  and 
screwed  home. 

Finally,  the  wires  of  the  cutting  plugs  are  connected  with  the  main  wires  leading 
to  the  instrument,  and  the  tuhe  is  mserted  in  the  vent. 

f  The  object  of  the  experiments  from  which  the  above  rounds  are  taken  was  to 
ascertain  the  gain  in  velocity  obtained  by  increasing  the  length  of  bore  of  the  original 
85- ton  guns  by  36  ins.  If  it  be  required  to  calculate  the  mean  pressure  at  any  point, 
it  is  necessary  to  measure  the  velocity  of  the  projectile,  during  the  first  part  of  its 
motion  in  the  bore,  over  much  shorter  intervals  than  a  foot.  Experiments  of  this 
nature  were  carried  out  in  the  10-in.  and  11 -in.  guns,  the  distance  between  the  cutter- 
j^ngs  at  the  seat  of  the  projectile  being  0-2  ft.  or  2*4  ins.,  as  shown  in  Plate  D., 
The  Ibllowing  table  gives  the  data  obtained  with  the  chronoscope  for  calculating 
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CHAP.  XIII.       From  these  data  are  dedaced,  bj  correction  and  interpolation,  the 

times  occupied  by  the  »hot  in  passing  over  each  two  hundredth  (7^)  of 

a  foot.  From  the  differences  of  these  times  arc  calculated  the  mean 
velocities  over  each  of  these  minute  spaces,  and  from  the  velocities  the 
mean  pressures  necessary  to  produce  them  arc  obtained.  These  calcula- 
tions are  extremely  laborious.* 

The  method  of  arriving  at  the  velocities,  as  shown  in  the  for^oiag 
tables,  is  a  comparatively  simple  matter. 

Pressure  on  Grooves. 

As  regards  the  i)i'e8sure  upon  the  grooves  of  the  gun  or  projectile,  it 
has  been  already  shown,  p.  43,  that,  with  our  system  of  rifling,  this 
will  vary  directly  with  the  pressure  on  the  walls  of  the  bore  if  the  twist 
be  uniform,  and  if  the  twist  be  increasing  it  will  also  be  in  a  certain 
direct  relation  to  the  pressure ;  it  is  therefore  a  matter  of  simple  calcu- 
lation to  find  what  this  pressure  on  the  grooves  is  when  we  have,  by  the 
methods  described,  found  the  amount  of  pressure  in  the  bore  of  the  gun 
itself. 


velocity  and  pressure  in  the  bore  of  the  10-in.  gun.    Charge,  70  lbs.  pebble  powder; 
weight  of  projectile,  800  lbs. ;  mussle  velocity,  1,527  ft. 


Distance  from 

Time  obsen^ed 

Total  Time  firom 

Time  taken  bjr 
Shot  to  traverse 

Mean  Velodtj 

over  Spaoe 
betweenPlugs. 

Seat  of  Shot. 

at  Plugs. 

Seat  of  Shot. 

Distance 
between  Plugs. 

ft. 

sees. 

sees. 

sees. 

ft. 

0-00 

— 

•000000 

•002683 

22 

006 

•000000 

•002683 

•001096 

183 

0*26 

•001096 

•003779 

•000515 

388 

0'46 

•001611 

•004294 

•000356 

562 

0-66 

•001967 

•004650 

•000305 

656 

0*86 

'002272 

•004955 

•000276 

725 

106 

•002548 

•005231 

•000488 

820 

1-46 

* 003036 

•005719 

•000433. 

924 

1-86 

003469 

•006152 

•000400 

1,000 

2-26 

•003869 

•006552 

•000375 

1,065 

2-66 

•004244 

•006927 

•000703 

1,138 

3*46 

•004947 

•007630 

•000658 

1,215 

4*26 

•005605 

•008288 

•000629 

1,273 

5-06 

•006234 

•008917 

•001192 

1,342 

6-66 

•007426 

•010109 

•001128 

1,418 

8-26 

•008554 

•011287 

""" 

*  The  rounds  are  worked  out  by  Captain  Noble  (the  inventor  of  the  instrument) 
and  an  assistant,  using  two  calculating  machines,  to  check  one  another,  and  minj 
hours  of  hard  work  are  required  to  calculate  the  pressure  for  a  single  round. 
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TABLE  XXXV.  CHAP.  XUL 

Table  of  Velocities  of  Projectiles  fired  with  Battering  Charges 
of  P.  Powder  from  heavy  Rifled  M.L.  Guns.* 


•inch 

-inch 

•inch         16-inch 

12' 6-inch 

12-inch 

B.M.L.of 

R.M.L.  of 

R.M.L.of      B.M.L.  of 

B.M.L.  of 

B.M.L.  of 

tons. 

tons. 

tOHB. 

80  tons. 

SStons. 

SStons, 

Charge 

Chane, 

Charge. 

Charge, 

Charge, 
ISO  IbsHP*. 

Charge, 

Range. 

Iba.                lbs. 

Iba. 

370  lhe.P«. 

110  lbs.  P« 

Range. 

ProjectUe,      ProjectUe, 

Projectile, 

Projectile, 

Projectile, 

Projectile, 

Iht.                Ibt. 

Ibt. 

1,700  lbs. 

800  Ibt. 

600  lbs. 

Velocity.         Velocity.        Velocity. 

Velocity.    ^ 

Velocity. 

Velocity, 
feet 

jards. 

feet. 

feet. 

feet. 

feet. 

feet. 

yards. 

0 

1,520 

1,425 

1,300 

0 

100 

1,510 

1,413 

1,289 

100 

200 

1,500 

1,401 

1,278 

200 

300 

1,490 

1,389 

1,267 

300 

400 

1,480 

1,377 

1,256 

400 

500 

J, 470 

1,365 

1,246 

500 

600 

1,460 

1,354 

1,236 

600 

700 

1,450 

1,343 

1,226 

700 

800 

1,440 

1,332 

1,216 

800 

900 

1,431 

1,321 

1,206 

900 

1,000 

1,432 

1,310 

1,196 

1,000 

1,100 

1,413 

1,299 

1,186 

1,100 

1,200 

1,404 

1,288 

1,175 

1,200 

1,300 

1,895 

1,277 

1,167 

1,300 

1,400 

• 

1,386 

1,267 

1,158 

1,400 

1,500 

1,377 

1,257 

1,149 

1,500 

1,600 

1,868 

1,247 

1,140 

1,600 

1,700 

1,359 

1,237 

1,132 

1,700 

1,800 

1,350 

1,227 

1,124 

1,800 

1,900 

1,341 

1,218 

1,116 

1,900 

2,000 

1,332 

1,209 

1,108 

2,000 

2,100 

1,323 

1,200 

1,100 

2,100 

2,200 

1,315 

1,191 

1,092 

2,200 

2,300 

1,307 

1,182 

1,084 

2,800 

2,400 

1,299 

1,173 

1,077 

2,400 

2,500 

1,291 

1,164 

1,070 

2,500 

2,600 

1,288 

1,155 

1,063 

2,600 

2,700 

1,275 

1,147 

1,056 

2,700 

2,800 

1,267 

1,139 

1,049 

2,800 

2,900 

1,259 

1,131 

1,043 

2,900 

8,000 

1,251 

1,123 

1,037 

3,000 

3,100 

1,243 

1,115 

1,031 

3,100 

3,200 

1,235 

1,007 

1,025 

3,200 

3,300 

1,228 

1,099 

1,020 

3,300 

3,400 

1,221 

1,092 

1,015 

3,400 

3,500 

1,214 

1,085 

1,010 

3,500 

3,600 

1,207 

1,078 

1,005 

3,600 

3,700 

1,200 

1,071 

1,000 

3,706 

3,800 

1,193 

1,064 

995 

3,800 

8,900 

1,186 

1,058 

991 

3,900 

4,000 

1,179 

1,052 

987 

4,000 

4,100 

1,172 

1,046 

983 

4,100 

4,200 

1,165 

1,040 

979 

4,200 

4,800 

1,158 

1,034 

975 

4,800 

4,400 

1,151 

1,029 

971 

4y400 

4,500 

1,145 

1,024 

967 

4,500 

4,600 

1,139 

1,019 

963 

4,600 

4,700 

1,133 

1,014 

959 

4,700 

4,800 

1,127 

1,009 

955 

4,800 

^  Oalenlated  by  Profrator  Baahfbiih'B  fonmUa. 
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Table  XXXV.— VELoaiiES  of  Pbojectilss — canHnued. 


IMnch 

1 

11-inch 

10-inch 

9-inch 

8-inch 

7-iiich 

&.MJi.or 

R.M.L.  of 

R.M.L.  of 

&.M.L.of 

&.MJi.of 

&JfJ«.of 

25tonf. 

25  tons. 

18  tons. 

12  tons. 

9tons. 

eitons. 

Bange. 

85lbt.P. 

Cluurse. 
86  lbs.  P. 

Ghu^e, 
70  lbs.  P. 

Charge 
60  lbs.  P. 

Charm, 
85  lbs.  P. 

Charge, 
Mlba.P. 

ProJ«otile^ 
600  lbs. 

Projectile, 
535  Ibe. 

Projectile, 

Pn^eotile, 

Projectile, 
180  lbs. 

ProjMTtila, 

Velocity. 

Velocity. 

Velod^. 

Velocity. 

Velocity. 

Velocity. 

yards. 

feet. 

feet. 

feet. 

feet. 

feet. 

feet. 

yards. 

0 

1,300 

1,315 

1,364 

1,420 

1,418 

1,525 

0 

100 

1,286 

1,302 

1,350 

1,399 

1,391 

1,496 

100 

200 

1,273       , 

1,289 

1,336 

1,879 

1,369 

1,467 

200 

800 

1,260       i 

1,277 

1,322 

1,360 

1,348 

1,438 

300 

400 

1,248       1 

1,265 

1,308 

1,341 

1,327 

1,409 

400 

500 

1,236 

1,253 

1,294 

1,322 

1,306 

1,382 

500 

600 

1,224 

1,242 

1,280 

1,304 

1,286 

1,356 

600 

700 

1,212 

1,231 

1,267 

1,277 

1,267 

1,331 

700 

800 

1,201 

1,220 

1,254 

1,270 

1,248 

1,317 

800 

900 

1,190 

1,239 

1,241 

1,253 

1,230 

1,284 

900 

1,000 

1,179 

1,199 

1,228 

1,236 

1,213 

1,261 

1,000 

1,100 

1,168 

1,189 

1,216 

1,220 

1,196 

1,239 

1,100 

1,200 

1,157 

1,179 

1,204 

1,204 

1,180 

1,217 

1,200 

1,300 

1,147 

1,169 

1,192 

1,189 

1,165 

1,197 

1,300 

1,400 

1,137 

1,159 

1,181 

1,174 

1,150 

1,177 

1,400 

1,500 

1,127 

1,149 

1,170 

1,160 

1,186 

1,158 

1,500 

1,600 

1,118 

1,139 

1,159 

1,147 

1,122 

1,UI 

1,600 

1,700 

1,109 

1,130 

1,148 

1,134 

1,109 

1,124 

1,700 

1,800 

1,101 

1,122 

1,138 

1,121 

1,097 

1,108 

1,800 

1,900 

1,093 

1,114 

1,128 

1,109 

1,085 

1,098 

1,900 

2,000 

1,085 

1,106 

1,118 

1,097 

1,074 

1,078 

2,000 

2,100 

1,077 

1,098 

1,108 

1,086 

1,063 

1,065 

2,100 

2,200 

1,069 

1,090 

1,099 

1,075 

1,052 

1,053 

2,200 

2,300 

1,062 

1,082 

1,090 

1,065 

1,042 

1,041 

2,300 

2,400 

1,055 

1,075 

1,082 

1,055 

1,032 

1,030 

2,400 

2,500 

1,048 

1,068 

1,074 

1,046 

1,023 

1,019 

2,500 

2,600 

1,041 

1,061 

1,066 

1,037 

1,014 

1,009 

2,600 

2,700 

1,034 

1,054 

1,059 

1,028 

1,005 

999 

2,700 

2,800 

1,028 

1,048 

1,052 

1,020 

996 

990 

2,800 

2,900 

1,022 

1,042 

1,045 

1,012 

988 

982 

2,900 

3,000 

1,016 

1,036 

1,088 

1,004 

980 

974 

3,000 

3,100 

1,010 

1,030 

1,031 

997 

972 

967 

3,100 

3,200 

1,004 

1,024 

1,025 

990 

965 

960 

3,200 

3,300 

998 

1,018 

1,019 

984 

957 

953 

3,800 

3,400 

993 

1,012 

1,013 

978 

949 

946 

8,400 

3,500 

988 

1,007 

1,007 

972 

942 

939 

3,500 

3,600 

984 

1,002 

1,002 

966 

935 

932 

3,600 

3,700 

980 

998 

997 

960 

928 

935 

8,700 

3,800 

976 

994 

992 

955 

921 

919 

3,800 

3,900 

972 

990 

987 

950 

914 

913 

8,900 

4,000 

968 

986 

982 

945 

907 

907 

• 

4,000 

4,100 

964 

982 

977 

940 

900 

901 

4,100 

4,200 

960 

978 

972 

985 

894 

895 

4,200 

4,300 

956 

974 

967 

980 

888 

889 

4,300 

4,400 

952 

970 

963 

925 

882 

884 

4^ 

4,500 

948 

966 

958 

920 

876 

879 

4,500 

4,600 

944 

962 

954 

915 

870 

874 

4,600 

4,700 

940 

958 

950 

910 

864 

869 

4,700 

4,800 

986 

1 
1 

955 

946 

1 

906 

858 

864 

4,800 
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CHAP.  Xni.  CHAPTER  XHI.— NOTE  I. 

Theoretical  determination  of  M,  V.  by  Captain  A.  Noble's  Tables. 

''£Vom  Table  XXXVUI.  we  can  at  onoe  ascertain  what  b  the  m^Timnm  ^voik 
to  be  obtained  with  any  given  gun  and  charge  of  powder  of  the  same  deaciipdon 
as  our  service  powders. 

**  To  make  use  of  the  table  we  have  only  to  find  the  volume  occapied  by  the 
charge  (gravimetric  density  =  1),*  and  the  number  of  times  this  volume  is  contained 
in  the  bore  of  the  g^un.  The  total  work  per  kilognunme  or  pound  which  the 
powder  is  capable  of  performing  during  the  given  expansion  is  then  taken  fitun  the 
table ;  and  this  work  being  multiplied  by  the  number  of  kilogrammes  or  pounds  in 
the  charge  gives  the  total  maximum  work.  Thus,  for  example,  in  an  18-ton  10-inch 
gun,  a  charge  of  70  lbs.  (81  *75  kilos.)  pebble  powder  is  fired,  and  we  wish  to  know 
what  is  the  maximum  work  that  the  charge  is  capable  of  performing.  We  readily 
find  that  the  length  of  the  gun  is  such  that  volume  of  bore  »  9=5*867  vols.;t 
and  from  the  table  we  find  that  89 '4  foot-tons  or  61*000  kilogrammetres  is  the 
maximum  work  per  pound  or  per  kilogramme  ;  multiplying  by  the  number  of 
pounds  or  kilogramme  we  find  that  6258  foot^tons  or  19367*50  lulogrammetres  is 
the  maximum  work  which  the  whole  charge  is  capable  of  performing. 

**  As  a  matter  of  course,  this  maximum  effect  is  only  approximated  to,  not  attained ; 
and  for  actual  use  it  would  be  necessary  to  multiply  the  work  so  calculated  by  a 
£Eictor  dependeut  upon  the  nature  of  the  powder,  the  mode  of  firing  it,  the  wdght  of 
the  shot,  &c. ;  but  in  service  powders  fired  under  the  same  circumstances  thenctor 
will  not  vary  much.  In  the  experimental  powders  used  by  the  Conmiittee  on  Ex- 
plosives there  were,  it  is  true,  very  considerable  differences,  the  work  realised  in  the 
same  gun  varying  from  56  foot-tons  to  86  foot-tons  per  pound  of  powder ;  but  with 
service  powders  fired  under  like  conditions  this  great  difference  does  not  exist." 

Table  XXXIX.  has  been  calculated  (by  Captain  Noble)  from  the  above  data, 
and  shows : — First,  the  total  work  realized  per  pound  of  powder  burned  for  every 
gun,  charge,  and  description  of  powder  in  the  English  service.  Secondly,  the  ma'ritnnni 
Uieoretic  work  per  pound  of  powder  it  would  be  possible  to  realixe  with  each  gon 
and  charge ;  and  thirdly,  the  factor  of  effect  with  each  gun  and  charge,  that  is,  the 
per-centsffe  of  the  maximum  effect  actually  realized. 

If  the  ractors  of  effect  be  examined  it  will  be  observed  how,  in  spite  of  the  use  of 
slow  burning  and  therefore  uneconomical  powders  in  the  large  guns,  the  per-centages 
realized  gradually  increase  as  we  pass  from  the  smallest  to  the  largest  gun  in  our 
table ;  the  highest  factor  being  98  per  cent,  in  the  case  of  a  d8-ton  gun,  the  lowest 
being  50*5  per  cent,  in  the  case  of  the  little  Abyssinian  gun:  this  difference  in 
effect  is  no  doubt  in  great  measure  due  to  the  communication  of  heat  to  the  bore  of 
theg^n. 

As  an  example  to  show  how  these  tables  can  be  utilized,  we  will  take  the  case  of 
a  10-inch  R.M.L.  gun  and  compare  its  actual  M.V.  as  determined  by  experiment 
with  the  results  given  by  the  tables. 

This  experimental  10-inch  gun  had  a  length  of  bore  of  8'^'  26,  and  its  charge  was 
70  lbs.  (31  *75  kilos.)  of  P.  powder,  while  the  shot  weighed  300  lbs.  (186*05  kilos.), 
and  the  M.y.  obtained  was  1527  f.s.  (465*4  metres). 

We  shall  find  that  the  number  of  volumes  of  e:(panBion  in  the  bore  of  the  chaise 
(gravimetric  density  =1)  will  be  5*867,  and  looking  at  columns  2  and  3  of  taue 
we  see  that  the  corresponding  total  work  is  6258  foot-tons ;  this  has  to  be  multiplied 
by  a  &ctor  (depending  on  the  nature  of  powder  and  weight  of  shot),  which  in  this 
case  is  0*  7796.    And  6258  x  0*  7796  gives  us  W~total  work  realized 

-•4880  foot-tons ; 
substitute  this  in  equation 

W  =^^ —  where  to  =  projectile,  in  lbs. 

V  =  M.V.in  f4i. 


V-    /?l^W=     /5t:^x4880, 
V     w  V     300 

or  y  B  1582,  which  only  differs  by  5  feet  from  the  ascertained  velocity  1527  £s. 


*  t.e.,  When  a  pound  of  powder  is  taken  as  occupying  a  space  of  27  *  7  cubic  inches, 
f  For  length  of  bore  »  145  inches: 

.*.  If »  =  volume  of  bore        ■=  145  x  25  » 

p»«         „         charge  (70  lbs.)  =  70  x  27*7 

Then  u-  5*867  »» 
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ing  in  the  Bore  of  a  §nn,  in  kilogrammetres  per  kilo.,  and  foot-tons  per  pound 
of  powder  burned,  in  terms  of  the  density  of  the  products  of  explosion  : — ^f 

1. 

2.                   ! 

Total  Work  that  the  Gunpowder  is  capable 
of  realising. 

Beniinrof 
GomhosUon. 

Number  of  Volumes 
of  Bzpansion. 

1 

1 
3.                       i                   4. 

Per  Kilogramme  burned  \     Per  Potmd  bnmed, 
in  Kilogrammetres.       i        in  Foot-Tons. 

1 

•95 

1                                                                                   , 

10526             1                 3210-8                                4-70 

•90 

1*1111                              6389-6                                9-29 

•85 

-1-1768                              9412-8                              1379 

•80 

1-2500                             12443-3                               18-23 

•75           1             1-3833 

15460-8                               22-65 

•70                        1-4286 

18488-1 

27-08 

•65                         1-5385                             21544-9 

31-56 

•60 

1-6667                             24650-8                \               3611 

•55 

1-8182 

27841-9 

40-78 

•60 

2-0000                            31153-7 

45-62 

•45 

2-2222                             34614-0 

50*70 

•40 

2-5000 

38290-0 

56-08 

•85 

2-8571 

42234-7 

61-86 

•30 

3-3883 

46565-9 

68-21 

•25 

40000 

51414-8 

75-31 

•SO 

5-0000 

57031^7 

83*53 

•17 

5-8824 

60952-1 

89^35 

-16 

6-2500 

62368*1 

91-45 

•15 

6-6667 

68 884*4 

98*64 

•14 

7   1429 

65470-1 

95-94 

•13 

7-6923 

67138-4 

98-39 

•12 

8-3333 

68940-1 

101-00 

•11 

9-0909 

70855*4 

103-82 

•10 

10*0000 

72903-7 

106-87 

•9 

111111 

75214*5 

110-18 

•8 

12-5000 

77679*9 

113-81 

•7 

14-2857 

80462-1 

117-85 

•6 

16-6667 

83582  - 1 

122-42 

•5 

20-0000 

87244*4                            127*79 

*  Table  giyen  by  permission  of  the  authors. 

^  Assuming  the  maTimum  pressure  in  a  closed  vessel  at  the  time  of  explosion  to  be 
II  •  5  tons  per  square  inch,  when  the  gravimetric  density  of  the  charge  is  unity. 
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CHAP.  XIII.  CHAPTER  XUI.— NOTE  U. 

Le  Bouienge  Chronograph, 
(Vide  PUtes,  pp.  327,  329.) 

The  Le  Bouienge  chronograph  connsts  of  a  hollow  brass  colamn,  S,  which  snppoiu 
two  electro-magneU,  A,  B,  and  a  small  bracket,  K,  The  column  ttaiids  on  a 
triangular  base,  upon  which  is  fixed  the  *'  trigger,**  T.     (Fig.  1,  p.  8S8.) 

The  electro-magnet.  A,  supports  a  long  cylindrical  rod,  C,  (p.  827,  Fig.  1),  sos- 
pended  vertically,  and  called  the  **  chnmometer"  This  rod  is  partially  ooTcrei  with 
two  sine  tubes,  D,  E,  called  "  reguters,** 

The  electro-magnet,  B,  sustains  a  shorter  rod,  F  (p.  827),  named  the 
*•  registrar.^* 

The  "  trigger  "  (p.  828)  consists  of  a  circular  steel  knife,  G,  fixed  in  a  ttotm 
of  the  spriug,  H,  by  means  of  the  screw,  N,  which  forms  an  axle  upon  which  it  esa 
be  turned  so  an  to  bring  a  fresh  portion  of  the  edge  opposite  the  chronometer. 

The  spring,  H,  can  be  **  cocked"  or  restrained,  by  means  of  the  catch  on  one  and 
of  the  lever,  /. 

The  other  end  of  this  lever  carries  a  disc,  O,  fixed  to  a  screw,  by  means  of  wfaieh 
it  can  be  raised  or  lowered  as  required. 

This  disc  is  vertically  below  the  registrar  when  suspended  to  ita  electro-magnet ; 
consequently,  when  the  current  through  the  second  screen  is  broken,  the  registrar  CiAi 
on  the  disc,  and  releases  the  spring,  H. 

The  tube,  L  (p.  927),  retains  the  registrar  after  its  fidl. 

If  it  be  required  to  alter  the  time  taken  by  the  registrar  to  release  the  knife,  it  ii 
done  by  raising  or  lowering  the  disc  of  the  trigger  by  turning  it  in  the  direction  wltk 
the  SIM  to  increase  the  time,  and  against  the  not  to  ridnce  it. 

The  screw  hsH  a  pitch  of  one  millem^tro,  and  the  circumferenoe  of  the  disc  ii 
divided  by  notches  into  10  equal  parts,  in  which  the  paul,  P,  works.  By  this  nxnagb- 
roent  the  dine  cau  be  moved  any  required  number  of  tenths  of  a  millemHre  (witns 
certain  limit<«),  and  is  retained  in  the  required  position  by  the  paul. 

The  screw,  M,  passes  through  the  lever,  and  acts  against  the  fulcrum  snppoitiDg 
it  It  is  intended  for  reflating  the  hold  of  the  catch  of  the  lever  on  the  spriag, 
which  should  always  be  as  light  as  possible. 

This  is  regulated  once  for  all  ;  but  should  the  spring  at  any  time  show  a  lendaiT 
to  escape  of  itself,  this  defect  can  be  remedied  by  slightly  withdrawing  the  screw,  if. 

The  disjunctor  (p.  328,  Fig.  2),  is  composed  of  a  mainspring,  t^  eanying  a  ctsm- 
piece,  u,  covere<l  with  insulating  material,  and  passing  under  the  two  steel  plates,  ^^* 
By  pressing  the  millc<l  headed  screw,  r,  the  spring  is  compressed  and  heldbytke 
catch,  X,  allowing  the  plates  q  q^yto  come  into  contact  with  the  metal  pins,  rr',uA. 
thus  complete  the  circuits  by  briniong  the  screws,  s  v  and  s'  t/,  into  connexion  vitk 
one  another.  When  the  catch,  x,  is  pressed,  the  mainspring  being  released,  its  enm- 
piece  strikes  the  two  plates  exactly  at  the  same  instant,  raises  them  from  th^  serewi, 
and  thus  breaks  both  currents  identically  at  the  same  time. 

The  electro-magnet.  A,  is  magnetised  by  the  current  patsing  through  the  Int 
scn>en  ;  constMjuently,  when  the  shot  cuts  this  screen  the  chronometer  is  relessed  tai 
fulls  friH'ly  in  a  vertical  direction. 

The  other  electro-magnet  is  in  the  circuit  through  the  second  screen,  so  thst  the 
registrar  fulls  when  this  screen  is  cut,  and,  striking  the  disc  on  the  free  end  of  the 
lever  of  the  trigger,  liberates  the  spring,  which  carries  forward  the  knife  nntil  it  itrilBi 
tlie  elironometer  in  its  fall  and  makes  an  indent  in  the  upper  zinc  tube. 

Ah  stated  above,  if  the  trigger  be  set  in  action  when  the  chronometer  is  at  rest,  t 
mark  will  be  made  by  the  knife  on  the  line,  which  point  we  will  call  the  **  origin* 
us  it  is  the  zero  point  from  which  the  height  of  fail  of  the  chronometer  moit  kr 
culculated. 

lA'i  J  J  be  the  height  above  the  origin  of  the  mark  obtained  by  firing  a  projeeok 
through  the  screens.  Since  the  chronometer  follows  the  law  of  the  fisll  of  bes^ 
InxlicB, 


A  A^ 


will  b*  the  time  it  ^-as  in  motion  before  receiving  the  impression.  Now  P'  wesM** 
the  tini«*  nM|uired  by  the  projectile  to  tnivorse  the  distance  between  the  scfwni,  «^ 
posing  that   the  ebrunonieter  commences  to  fall  the  instant  the  projectile 
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through  the  first  screen,  and  Airther,  supposing  that  it  is  struck  hj  the  knife  at  the  CHAP.  XIII. 

precise  instant  the  shot  cuts  the  second  screen.    But  this  is  not  the  case.    In  fact,  

after  the  rupture  of  the  first  screen,  a  certain  time,  B,  eUipses  before  the  electro- 
magnet is  demagnetised  sufficiently  to  free  the  chronometer ;  the  moyement  of  the 
chronometer  will  therefore  be  delayed,  and  the  observed  time  consequently 
diminished,  by  the  quantity  B. 

Again,  some  time  elapses  between  the  cutting  of  the  second  screen  and  the  moment  * 
when  the  knife  reaches  the  chronometer — yix.,  the  time  required  for  the  following 
operations : — 

^    for  the  demagnetisation  of  the  electro-magnet  supporting  the  registrar. 

i'    for  the  fall  of  the  registrar  to  the  disc  of  the  trigger. 

f'  for  the  disengagement  of  the  catch. 

f"  for  the  knife  to  pass  over  the  horizontal  distance  which  separates  it  from  the 
chronometer. 

Now,  it  is  evident  that  the  chronometer,  before  it  is  struck  by  the  knife,  will  have 
been  in  motion  during  the  sum  of  the  above  time  in  addition  to  the  time  taken  by  the 
shot  in  passing  over  the  distance  between  the  screens.  Consequently,  the  observed 
time  7^  is  too  great  by  the  sum  of  (^  +  f  +  f''  +  <"')•  We  have  also  shown  above 
that  7^  is  too  small  by  the  quantity  0— the  time  required  to  demagnetise  the  chrono- 
meter electro-magnet.  Therefore,  to  ascertain  the  true  time  T,  we  must  deduct  from 
T"  the  quantity  (^y +  if +  tf' +  r'-  B),  which  we  wiU  caU  t. 

We  have  then  T=>  T- 1. 

Now,  suppose  7*s=0,  or  in  other  words,  suppose  the  shot  to  cut  both  screens  simul- 
taneouslj,  then  we  should  have  T^t.  From  which  it  appears  that  t  would  be  the 
time  recorded  on  the  chronometer  if  both  currents  were  cut  identically  at  the  same 
instant.  This  we  can  do  by  using  the  disjunctor,  and  we  thus  obtain  a  mark,  on  the 
lower  sine  tube,  at  a  height  above  the  origin  equal  to  the  space  passed  over  in  the 
the  time  <,  which  we  call  the  disjunctor  reading.  The  time  corresponding  to  this 
reading  must  be  deducted  from  the  whole  time  recorded  on  the  chronometer,  to  arrive 
at  the  time  taken  by  the  shot  to  traverse  the  distance  between  the  screens.  As 
l>efore  stated,  the  disc  of  the  trigger  can  be  raised  or  lowered  so  that  the  disjunctor 
reading  can  he  altered  (if  required)  within  certain  limits,  and  we  can  thus  regulate 
tiie  instrument  so  that  the  time  t  shaU  have  a  constant  value.  The  value  of  t  for 
which  the  velocity  scale  has  been  calculated  is  0*  15  of  a  second,  and  the  height  of 
the  corresponding  mark  above  the  origin  is  4*345  ins.  (110*370  mill.).  Starting 
with  this  assumption,  a  scale  has  been  calculated  for  a  distance  between  the  screens 
of  180  ft.,  by  means  of  which  the  velocity  of  the  projectile  can  be  at  once  determined 
without  the  aid  of  any  calculalion. 

The  method  of  calculating  this  scale  is  as  follows  :  — 

Suppose  the  shot  to  have  a  velocity  of  1 ,200  ft.  a  second,  it  would  take  fA^^O'^- 1 
to  traverse  the  distance  between  the  screens. 

The  instrument  will,  therefore,  mark  0"*  15  (disjunctor  reading)  +  0"*  l,or  0'''25, 
•     and  the  corresponding  height  of  fidl  from  the  origin  will  be 

i:  H=igr^  =  il2JE^l2'0in  ins. 

Conversely,  if  the  mark  on  the  chronometer  is  12*075  ins.  above  the  origin,  we 
e  know  that  the  velocity  of  the  projectile  is  120  ft.  a  second  ;  the  disjunctor  reading 
L  Wmg  at  a  height  corresponding  to  0''  *  1 5,  and  the  screens  1 20  ft.  apart 
I  Tnia  calculation  has  been  made  for  a  series  of  velocities  increasing  from  foot  to  foot 
|.:  hr  velocities  fh>m  850  to  1,500  feet  a  second,  and  increasing  by  5  ft.  from  1,500  to 
»C  IjWO  feet  a  second,  and  the  corresponding  heights  engraved  on  the  scale  supplied 
»    %ith  the  instrument 

W' 

R  =  radius  of  the  projectile  in  feet, 

W  =  weight        „  „    in  lbs. 

6  »  a  variable  co-efficient  depending  on  the  form  of  the  shot  and  the  velocity  of 

tbe  projectile.    Now  the  ogival  form  of  head  is  that  used  for  all  service  elongated 

fvojectiles,  and  for  this  form  of  projectile,  and  for  velocities  over  1,100  feet,  a 

««oond  b  may  be  supposed  constant,  and  for  all  practical  purposes  may  be  made 

tenal  to — 

0-000063. 
Hic  following  is  an  example  of  the  method  by  which  this  formula  has  been  used 
»  flalcolate  the  remaining  velocities  given  in  the  table. 

The  9-inch  B.M.L.  gun  of  12  tons  is  fired  with  a  projectile  of  250  lbs.,  and 
^*  92  inches  diameter,  and  50  lbs  of"  P."  powder,  which  gives  an  initial  velocity  of 
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CnAP.  XIII.    I>420  feet  a  second.    Wliat  will  the  remaining  Telocity  be  at  500  yaids  range? 
_  Here  we  haye — 

V  =  1420  ft, 
X  »  1500  ft.  (500  yardfl), 
R  =>  4*46  in.«  0*37166  ft., 
W  «  250  Ibe. 

Therefore,— 

R*  «  0- 13818  ft, 

^  =  0*0005525, 

c  B  0*000063  X  0*0005525, 
»  0-00000003481. 

SubRtitating  these  Talues  in  the  equation  v  » we  haTe 

1  +  cVx 

1420 


1  +  0*00000003481   x  1420  x  1500 
1420 


1*07415 
*  1322  feet 

The  Yelocity  lost  in  500  yards  is  therefore  98  foet. 


HflASDBIIia   AlfD  OOHPARIKG  POWERS  OF    GUNS. 


•TABLE  XL. 
A  Gbmsbal  Table  of  Talces  of —  «  for  Oottal-hi 


tv. 

"■ 

1. 

a. 

'■ 

•. 

9. 

.. 

V. 

a. 

9. 

fM. 
GO 
Gl 

M 

H 

St 

68 
00 

•1 

M 

m 

M 

« 

B8 

w 

TO 
71 

n 

n 
n 

n 
m 
at 

Kl 

M 
W 

i 
s 

H 

W 
M 

I0« 
101 

lot 

» 

IDMC 

iTMa 
IBTW: 

IWM 
14*27 
14003 

1S1IB9 
IS1DE 

IKSO 

SMI 

BTIS 

J«S) 
TMS 

uoc 

MH 

GMO 

Gon 

ISM 
«K 

wn 

3 

8 

1 

» 

3 
3 

a 
» 

J 

a 

8 

4 

7 

IBM! 
17T« 

I8SM 

i3;4! 

15*7* 
IU§4 

ISIM 

IMflO 
ISOM 

lists 
losse 

vim 

mt 

sast 

8887 
OKI 

+575 

3S9! 
S07( 

3303 
5J01 

e 

T 

! 

! 

7 

1 

0 

3 

s 

IMsil 
1»§7S 
IKiM 

177M 

18177 

1«T7 
l4iHl 

laKo 

1311! 

mu 

12)« 

IBM* 
liOM 

10W7 
10W7 

103H 
l«OGt 
9780 

9IM 
7*M 

S 

SSM 

i 

«77 
«71 

a 

sow 

33SK 
SWl 

! 
B 

e 

7 

I 

2 

! 

7 
B 
7 

i 
B 

f 

> 
) 

e 

B 

mis 

ISSK 
IMM 

17«8t 

leiK 

13»7t 
IMK 

Ilea 

lOKM 

10328 
lOUM 
B731 

M«e 

BIN 

S80B 

S 

was 

7«l! 
741S 

nS! 
aGto 

8331 

M« 

B37J 
GOM 
♦«81 
«B 

3e» 

387! 
3«G8 

aasa 

&W4 

3313 

SZ83 

»ii2 

7 

i 

G 

T 
8 

11 
B 

1 

3 

0 
B 

1876! 

ITSW 

um 

151» 

iwai 

1SSS7 

ISIW 
1M« 

IIBJ! 

11B« 
luBB 

lOMS 
»99« 
B70S 

897! 
8«0B 

E 

net 

b73» 

flUS 
3734 
SSK 

4»U 

U81 

SMS 
3IM 

SSflt 
51» 

It 

s 

7 

!t 

0 

e 

B 
3 

7 
3 

a 

a 

I 

i 

7 
D 

e 

7 
7 

7 

a 

is««;l 
17B7i;b 

|*813;8 

t33K-4 
11218-3 

lowo'i 

BBSS-S 

m*-i 

sasa-a 
»iu;s 

8SS3-B 

83iB;o 

7SS7-1 
7«W* 
738B-4 

n*4-o 

87»B'0 
SUB'l 

eaiS'B 

80B3-4 

s;: 

*SM;B 
«17-i 

42SU'a 
»09«|-7 

sasrs 

SOU'S 
His -3 
3338 'B 

3iB8-e 

iBssa 

I8IIM 
18068 

1761! 

18176 

I5BB! 

1S04J 

14171 

laso! 

12584 
11S83 

11!M 

1U5*S 

BSU 

vue 

9081 

B3« 

7S1J 
784( 

888! 
887! 
M77 

ctm 

ssa 
4a7( 

481! 
4S54 

«0S 

UGS 

«lf 

sssi 
37a» 

jaa: 

Ns; 

31» 

i 

1 
B 
0 

3 

0 
3 

S 

1J4S3 

15 

1BBS3 
IMGB 

15000 

iS 

1218S 
10104 

a 

s 

H030 
77M 

7ose 

<M80 
S6G8 

s 

WM 

4,190 
4838 
«87 

434! 

4»G 

381! 

s*a 

334! 
3S8I 

1 

7 

s 
s 

1 

3 

8 

8 

I 

IS 
6 

ft 

will 

178M 
1!41« 

IHM 

iajs« 

12148 
117M 

10471 

987! 

9308 
903! 

«*« 
SOW 

793C 
7301 

a 

8043 

8437 
0233 

GS39 

MW 
EtSI 

4843 

4730 
4SU 

S 

40GS 
SBS! 

37US 

3411 
3334 

Siai 

! 

7 

1 
3 

1805* 

i8Me 

iiwa 
is3se 

1447C 

ISS34 

12848 
1S478 

IITU 
11416 

10761 

S8t» 
U66B 

80(M 
S7« 

798S 

ism 
tnu 

6011 

6820 
MM 

Bifl! 

47« 

4008 
4467 

4313 

1176 
4046 

3B21 

sar. 

3£«G 

sw. 

S3!t 

S 

8 

1 

) 

1 

0 

J 

T 
7 

1 

4 

S 

} 

i 

s 

! 

0 

s 

*  Taken  ttom  "  BwhfOrUi'a  Hotion  ot  Pn^ectilMi"  b;  p«nili(rion. 
t  TiiTelodVt  f.1.  2  AM  a  MMnd. 


360 


UEABWDSG  An>  001fPAKni6  FOWSSS  OP  GUHB. 


CHAF.XHL 


T4BLX 


T. 


140 
141 
14t 

143 
144 
146 

146 
147 
148 

140 
150 
151 

151 
163 

164 

156 
156 

167 

168 
159 
160 

161 
162 
168 

164 

166 
166 

167 
168 
160 

ITO 


1348-4 
1299*5 
1251*1 

1203-O 
1165-4 
1108-0 

1061-1 
1014-4 

ro 


921*9 
876*0 
830*4 

785*0 
739-7 

•7 


649*9 
605*3 
560-8 

516*4 
472  3 
428*3 

384*5 
340*9 
297*4 

264*0 
210*9 
168*0 

126*5 
83*3 
41*4 

00 


1492-5 
144C-3 
1392-7 

1343-5 
1294-7 
1246-3 

1198-2 
1160*7 
1103-3 

1056-4 
1009*8 

-4 


917*3 
871-4 
825-9 

780*5 
735-2 
690-2 

646*4 
600*8 
666-4 

512-0 
467-9 
423-9 

380*1 
336*5 
293-1 

240*7 
206-6 
163*7 

121*3 
79*1 
37*2 


1487*5 
1487-3 

1387-8 

1338-6 
1289-8 
U41-5 

1198*4 
1145*9 
1098*6 

1061*7 

10061 

968*8 

912*7 
866*9 
821*3 

775*9 
730-7 
686*7 

640*9 
5»6'4 
551*9 

507*6 
468*5 
419-5 

375-8 
332-2 
288-7 

246-4 
202-3 
150*5 

117*0 
74*9 
33*1 


1481-5 
1432*4 
1382*9 

1333*7 
1284-9 
1286*6 

1188*7 
1141-2 
1003*9 

1047*1 

1000*5 

954*1 

908*1 
862*3 
S16-8 

771*4 
726*2 
681*2 


•5 
591*9 
547*6 

603*1 
460*1 
4151 

371-4 
327*8 
284*4 

241-0 
198*0 
155*2 

112*8 
70*7 
28*9 


I 


i4n*4 

1427*4 
1377*9 

1328*8 
1280-1 
1281*8 

lUS'f 
1136*4 
1089*2 

1042*4 

906*8 
M0*5 

908*5 
857*8 

812*2 

766-9 
721*7 
676-8 

632*0 
587*5 
543*0 

498-7 
454-7 
410-7 

367*1 
323-6 

2800 

286-7 
198-7 
150*9 

108*6 
66*6 

24*8 


1625*4 
1573*8 
1522*8 

1472*4 
1422*4 
13730 


-9 
1875*2 

•0 


1179-1 
1131*7 
1084*5 


16M-2 
1S«*7 
1517*8 

1467*4 
1417*5 
1368-1 

1319*0 
1270-4 

1*2 


1174-4 
1126*9 
1079*8 


1087-7 
991*2 
944*9 

1083*1 
986*6 
940*3 

898*9 
853*2 
807*7 

894*3 
848*6 
808*2 

761-3 
717*2 
672*3 

767*8 
712*7 
667*8 

627-6 
583*0 
538*6 

623*1 
578*6 
684*2 

494*3 
460*3 
406-4 

489-9 
446*9 
402*0 

362*7 
319*1 

275*7 

368*3 
314*8 
271*4 

232*4 
189*4 
146*7 

288*1 
186*1 
142*4 

104*3 
62*3 
20*7 

100*1 
68*1 
16*6 

1773-1 

inrs 

1667-1 

16I5-6 
1963*5 
1512*7 

1462-3 
1412*5 
1368' 1 

ia4*i 

1S85*6 
1217*4 

1169*6 
llfi'2 
1075*1 

1028-4 
981*9 
986*7 

889*7 
844*1 
798*6 

763*3 
706*2 
663*3 

618-6 
674*1 

r7 


17«[7-8 
1714-1 
1661-9 

1600*9 
1SS6'4 

1607-7 

14B7-8 
1407-6 

ia»-s 

1300-3 
1900-8 
12U*6 

1164*9 
1117*6 
1070*4 

1088-7 
977*3 
9S1'1 


485-5 
441*5 
397*6 

354*0 
310*4 
267*0 

228-8 
180-8 
188-2 

96-9 
63-9 
12*8 


1 
-6 

794*1 

748-7 
708-7 
656*8 

614*2 
609-7 
625*3 

4S1-1 
467*1 
303*2 

840-6 
306-1 
988*7 

219*6 
176*5 
184*0 

91-7 

49-8 

8-2 


1791*4 
1709*2 
16Si-7 

1604*7 
156S*S 
IStt-l 

14H'S 

14irf 

*t 

1304*4 
12S6*t 
1217*8 

iiort 

llir7 
106*1 

loiri 
mi 
mi 

880*1 
789*5 
744*i 

m-i 

6M-4 


sat 


•7 
48r7 
t 


aoi'7 

215i 

I»*l 
l»-7 

iri 

4rf 

41 


HEASUBINO   AHD  OOHPARINO  FOWEB8  OF  CtUNB.  361 

"TABLE  XLI.  CHAP.XUL 

d»  

A  Gbhebai.  Tabli  of  Valubs  ot-ttor  Oqivxl-hudbd  Shot. 


tT. 

-  1  - 

X. 

>. 

*. 

B.      '      «. 

T. 

a. 

9. 

s 

M 

M 
W 

M 

BB 

a 

M 

« 

« 
TO 

i 

n 

w 
n 
fti 

n 

H 
U 

M 

S 

« 

8 

1 

SB 

lot 

IM 

IM 

107 
1«8 

IS- SDH 
M'MU 

a;0778 

1V-MW 
IB' MM 

si 

UUM) 

ifi-oiai 

W747B 

lO'KHO 

io;«»i 
b;ubi> 

;:^ 

a-Moo 

8-;m4 
s-un 
a-iws 

B'7i}e» 

8*7SI 
4'UH 

ir 

X-HM 
3S0T0 

»;o««7 

IH 

rum 

t'tSW 
10147 

(Ml. 
M-UBT 

uwn 

tvovn 

i«;i»t7* 
ib;is851 

U'M83 
1S;77M 

8-WW 
S-aSil 
B'UW 

g;kB( 

1-smi 
Tum 

8-O70B 

6;«»9 

s;J3ai 

4;«ISS 

s-7m 

8-iM7 
30111 

l'8I«B 

a-s«o« 

a 
It 

« 

I 
1 

aiis 

0007 
HOT 

B»US 

03tt 

(EMI 

ST» 

miHt 

MSI 

KM* 
1MB 

71M 
IBS* 

(070 

7a7B 
un 

eas 
saw 

ews 

ilOI 
WSl 

»«; 

DS»3 

7in 

B6(B 
41SS 

laoa 

0B3B 

Oiw 

S188 
7138 

sssi 

47tfl 

W 

a 

IS 
HI 

* 

S 

s 

isis 

MS 
7817 

MG8 
iSSI 

11S8 
4600 

IIBO 

OftAS 
SISH 
im 

IS  IB 
S04(l 

SOU 

61B! 

iwt 

JS87 

4on 

9IW 

»778 
I£« 

saw 

4100 
0741 

1068 

i^a 
»us 
Bwsa 

HSK 
1674 

[lUO 

8080 

a*Mi 

3WS 

» 

li 

li 

n 

i 

1 

Sits 

«T» 
860U 

4800 

M08 

is 

Has 

»7*S 
2880 

us 

*7»4 

«m 

7fl7e 

B871 

owe 

BUS 
W7B 

lees 

7473 

oo»a 

8103 

une 

»M 

1184 

7M1 

SSM 
48H3 

u 

a: 

IS 

a 

s 

7 

e 

s 
a 

a 

Siso 

77J7 
OSES 

S8W 
0640 

JOSS 

oeeu 

W8J 
8801 

4<UJ 

378S 
7388 
4838 

HTM 

rm 

U80 

Wtl 

IMO 
9S« 

701 

KUH 
Mfl 

II688 
(Ml 

J717 

i» 

SS03 

7904 

BOSS 
MM 

MS180 

tt-47M 

tl;4MB 

18;SS87 

17-3094 
1«;»S40 

15-*54il 
14;818B 

18-40W 
18'WW1 

irsso* 
ii-4rao 

irowo 

10-1818 

U-OSttH 
8-68« 

8-SI8E 
»;01SB 

7-uss 

8-08I! 
B-SOOS 
B-HBt 

B'BOVtl 
S-MW 

4-7wa 
s-seio 

3-IMS 

3- 1(14* 
|i;B87» 

i;77»g 

X-8UU 

ieaos 

«'M4S 

» 
It 

3 

! 

! 

1 

M«7 

wot 

8780 
4008 
4773 

B84S 
8383 

SMS 
WW4 

MSS 

BOM 
4340 

7481 

WW 

M78 
8781 

08*0 
8048 

1748 

8M4 
40S3 

8848 
«3M 

■H7* 

OUH 
0787 
8ltS* 

8788 

BtSO 

m;«70 
■a-rm 

11 -8000 

W-S877 

IS'RSIM 

lS-7800 

18-1388 
14'BiS4 
1S-04M 

IS-MW 

11-8847 
li;».<M 

10;bIS7 
B-707S 

»-Si80 
8'DeBa 

7-8448 

7-.1M8 
7-OUO 
K'7780 

6'B068 
8-Mfll 

S-OS90 
s;7B7i 

4'li07« 

4;»781 

4-IOM 
S;B878 
3-8!0U 

X-88S1 

i-08e7 

1-B8M 

3-5osa 

a-41S8 
1-3988 

1B'41W 

Isi 

178010 
IB'SAffi 
IS-71S8 

IS-S85S 

u;7W8 
11 -Sw 

ss 

B;e»8 
8;  MM 

7;fl^7s 
fl'481H 

ii;ao8 

B;7WS 

4-«*a 

a-7BW 
3-IJ04B 

3'4SS8 

.I'oess 
rvMt 

8'8480 
a;Mio 

i*Ml 
1-3407 

362 


XKASUBIKO  AND  COKLPAKUSG  FOWKBS  OF  OUXlt. 


.  XUL 

V. 

110 

111 

112 

Table  XLL — eotUimwed. 

» 
O. 

1. 

«• 

S. 

^ 

8. 

#. 

T. 

•• 

2*3426 
2*2729 
2*2053 

9CCK. 

23355 
2*2»a 
21987 

ners. 
2-8285 
2*2592 
2*1921 

sees.    1 
2*3214 
2*2524 
2*1956  1 

sees.    1 
2-8144 
2-2456 
2*17'» 

MCS. 

1*3074 
22S88 
2*1723 

* 

sect. 
2*8005 

2*9321 
2*1656 

sen. 

2*2086 
9*92M 

2' 1598 

11887 
9*1187 
2'1&» 

■eet. 

2*2190 
9*1464 

lis 

114 
115 

2'iaeo 

2*0764 
201 17 

2*1385 
2*0702 
2*0OS7 

2*1271 
2-<M»9 
2*0tJQ» 

2-1307  ! 
2*0577  1 
1-9966 

211U 
2*0613 
1*9905 

2*  1079 
204S8 
1*9M5 

9*1016 
90302 
1*9785 

2'OOBS 
9*0090 
1*9726 

i-ono 

1*0180 
10667 

3*0817 
2*«M 
1*9«I7 

IIB 
117 

118 

1*9548 
IKWW 
1*8309 

1*9489 
1*8909 
1*8^13 

1*M11 
1-8852 
1*»287 

19872 
1*8796  I 
1-8232 

1*9814 
1*8738 
l*817»i 

1-92S6 
1*8681 
1*8121 

10197 
1862S 
1*8066 

1*9130 
1*8568 
1*8011 

1*9061 
1*8611 
1*7966 

1*9064 
1*8465 
17W1 

119 
120 

121 

1*7*47 
1*7309 
1*6784 

1*7792 
1-7256 
1*6732 

1-7738 
1*7208 
1*ti681 

1*7684 
1*7150 
l*6ia9 

1*7680 
1*7608  , 

1*6678  . 

1*7576 
1*7046 
1*6526 

1*758 
1*6902 
1*0475 

1*7460 
1*6M0 
161A4 

1' 74116 
1*obB8 
1*6373 

i-Tatt 

1*6881 

i*aa 

122 
I2S 
124 

1-6272 
1*5778 
1'52« 

1*6222 
15724 
15237 

1*6172 
1*5«;75 
1-5189 

16in 
1*5(06 
1*5141 

1*6071  1 
l*55n  1 
1*5098 

1*6081 
1*5528 
1^5045 

l*50n 
1*M79 
1*4997 

1*8921 
1*6481 
1*4060 

1*5879 
1*5882 
1*4003 

138B 
1*53U 
1'48S6 

125 
126 
127 

1*1808 
1*4342 
1*3»S7 

1*4761 
1*4296 
1*3842 

1*4714 
1*4250 
1*3797 

1-4667 
1*4204 
1*8752 

1*4620 
1*4158 
]*3708 

1-4574 
1^4U8 
13668 

1*4627 
1*4008 
18619 

1*4481 
1*4012 
1*8574 

1*4485 
1*8077 
1*8580 

l*43n 

lion 

1*8481 

128 
129 
ISO 

1'3V42 
1*S«I07 
1*2580 

1*3398 
129M 
1*2538 

l'S3M 
1-2921 
1-2406 

1*8510 
1*2878 
1-2454 

l^Si67 
1^28S5 
1*2412 

lS2tS 
1*2702 
1*2870 

1*8180 
1*2740 
1*2829 

1*S1S7 
1*9707 
1*9287 

1*8006 
1*1065 
1*1246 

IUSI 

iises 

1*2904 

1$1 
132 
133 

1-2163 
1*1754 
1-1353 

1*2122 

i*in3 

11313 

1*2080 
1*1678 
1*1274 

1S099 
11683 
1-1234. 

1*1908 
1^1392 
1^1196 

1*1967 
1*1582 
1*1156 

11916 
1*1512 
1*1116 

1*1878 
1*1471 

lion 

1*1835 
1*1481 
1*1088 

1*1794 

iian 

1*«9» 

134 
135 
136 

1*0960 
1*0576 
1*0196 

1*0922 
1-0587 
1*0159 

1*0888 
1*0409 
10121 

1^0844 
1^0i61 
1*0084 

10806 
l-04tS 
1*0047 

1*0767 
1^0886 
1*0009 

1*0799 

1*0847 

*9972 

1-0600 

1*0900 

9986 

1*6661 
1*0271 

*oeo8 

1*0614 
l*a8U 

*98C1 

187 
188 
139 

*98f4 
*$M69 
*9100 

•9787 

•9423 

9065 

•9761 

•9387 
9029 

*9n4 
-98B1 
•8994 

9078 

•9816 

8069 

•0641 

*9279 

8923 

*9006 

*0948 

oooo 

-9668 

9207 

*8858 

*05S1 
*»171 

-8818 

'94K 

9191 

*8;89 

140 
141 
112 

*8747 
*H399 
•Ktt7 

•8712 
•83M 

8023 

8677 

8880 

•7989 

-8642 

8296 

•7956 

8007 

•8961 

7922 

8579 
*8227 
•7888 

*8S88 

*8198 

-7854 

*8608 
*8160 
•7891 

ovno 
*8115 
*7787 

*MM 

*8on 

*7754 

14^ 
144 
145 

•7720 
•7388 
•7000 

*7687 
•7356 
•7028 

•7654 
•7322 

•6996 

7620 

*72a9 

6063 

•7587 
7296 
6081 

*7564 
•7228 
•6899 

•7591 
•7191 
•6867 

'7488 
*7158 
*6884 

*7454 
*7116 
*6801 

•740 
*70« 
*«77» 

146 
147 

148 

•6738 
•<M19 
*610t 

•6706 

•6387 

6073 

•6674 
•6856 
•60tt 

*664fi 
*6824 
•6011 

*«610 
*<998 

'5080 

•6578 
•6261 
*6940 

•6646 

•6280 

5918 

*6514 
*6198 
*5887 

-6488 
*6167 
*6656 

*64SI 

6191 

•9» 

140 
150 
161 

57M 
-.VW7 
•51»4 

5763 
*5457 

*3154 

•5782 
•5426 
•5124 

•6701 
-5306 
•5094 

•5671 
•5866 
•5064 

•SMO 
5886 

5034 

660O 

*5306 
•5004 

*5670 

*5275 

4074 

-5546 

-8144 
-4044 

•5518 
•5814 
•4014 

152 
153 
154 

*4884 
*4587 
*»2M 

•4854 

-4558 
•4265 

•4824 

•4528 
•4236 

4795 
*4499 
*1207 

•4765 
•4470 

*4178 

4786 
'4440 
*4149 

•4706 
•4411 
*4190 

4676 
*4S89 
*40ei 

*4646 
*4866 

*4i061 

*4«1J 
*4Sfl 

*4oe 

155 

157 

•4004 
-3717 
-3433 

*3975 
-3688 
•340,'> 

•3946 
•3660 
•3377 

•3918 
•3192 
•3349 

'3889 
*3608 
'3320 

3860 
8576 
3292 

•8881 
•8647 
*S264 

*S808 

*8618 

3986 

•W74 

8400 

*3107 

•8HI 

•mm 

•SITI 

158 
160 
160 

•3151 
•2873 
*2597 

•3123 
•2S45 
•2570 

*3096 
*2818 
•2542 

•3067 
•2790 
•2515 

•3089 
-2763 

'2488 

8012 

2736 

*2460 

*9B84 
2707 
2483 

9066 
*2680 
*24Q6 

*2098 
*1689 

-»78 

•an 

*JS1 

161 
162 
163 

•3324 
•2054 
•1786 

•2297 
•2027 
•1759 

•2270 

*2000 

1733 

•2243 
•1973 
•1706 

'2316 
•1247 
•1680 

•2180 

1920 

•1653 

9169 

*1808 

1687 

*9185 
*1866 
*1600 

-nao 

*1880 
1674 

•sfi 

•Utt 

1(M 
166 
166 

•1521 
•1250 
•1000 

•1495 
•1£W 
•U974 

•14iK» 
•1201 

1442 
•1181 
•0923 

•1416 
'1155 
•0897 

•1890 
*U29 
*(tt72 

'1364 

*1108 

0646 

*1888 
*1077 
•0691 

*1811 
-lOffl 
-0796 

*us 
•ow 

167 
168 
160 

•0745 

0198 

'02M 

•0720 
*<VMW 
•0220 

•0(95 
*<»443 
*0195 

•0660 

•(^418 

0171 

0644 

'0898 

0146 

'0619 
*0368 
*0122 

'0504 
'0848 
'0008 

*0660 
*0818 
•0078 

*054B 
*0M« 
*004e 

•om 
-mm 

170 

•0000 

r 

JIXA8DRIN0   AND  COHPABINQ   POWXRB  OF  QUHB. 

•TABLE  yT.n. 

(P 
A  GxNZBAL  Table  of  YALCESof  —  <for  Sphbmcal  Shot. 


t?. 

- 

1. 

a. 

'■" 

s. 

'- 

•■ 

7. 

' 

». 

t*. 

ft. 

ft. 

jj 

rt 

rx. 

^ 

ft 

n. 

n. 

ft. 

UNW 

ono 

OMt 

0838 

WM 

0«78 

n 

lOM 

ossa 

(IMS 

0288 

017* 

0147 

oiw 

n 

lOOBS 

mat 

9908 

saas 

9aii7 

u 

MM 

9729 

««SB 

96«8 

M 

wa 

Dues 

B6M 

fl.W« 

MO 

M8B 

»ut 

WW 

9383 

9388 

U 

s&ui 

(i2ia 

918B 

01B3 

8986 

8II38 

asBO 

S»73 

MH 

%m 

H7aa 

S78S 

8878 

M 

sass 

Bflll 

S5» 

aso« 

ai8£ 

aim 

M 

88sa 

3879 

82BB 

gS38 

M9> 

81U 

8188 

xiat 

aoBi 

8081 

«1 

tW4l 

SOM 

HOM 

7«88 

TM4 

7M8 

7888 

7889 

n 

7850 

78M 

77M 

770* 

788S 

n 

7883 

7678 

7887 

M 

Ties 

7i38 

1*18 

73t» 

7^1 

75U 

7»9 

«s 

isia 

rais 

7«T 

7210 

719* 

7177 

7160 

7<IM 

TOM 

7018 

8998 

er 

eoM 

11900 

6884 

essa 

8883 

« 

«Wl 

ajoa 

b;m 

ens 

fl7M 

67« 

BTiS 

aaer 

«as2 

MS] 

8382 

flS*7 

otss 

«a>'S 

BUe 

6480 

8388 

n 

«CT 

ssiia 

B3«( 

6881 

«a7 

0273 

8289 

n 

wai 

eeiT 

Baa 

6188 

6118 

Biao 

8107 

8079 

ooas 

a«s2 

ease 

0028 

89» 

8986 

8971 

sgu 

saw 

fiora 

&8»t 

saes 

Ti 

SMS 

SBOS 

57M 

8778 

6781 

67s; 

8714 

BTM 

H8a 

6818 

sms 

UM 

8;ai> 

8806 

8IH 

8481 

B 

MES 

II4« 

MS4 

M» 

MU 

£3m 

SSS7 

uu 

ssm 

GSH 

G2W 

6271 

torn 

Btsa 

0 

UH 

MM 

8148 

8137 

n 

6088 

6017 

1 

»08 

43M 

*u7t 

*ws 

VIC& 

ton 

4981 

laio 

4600 

Am 

tsaa 

«*T 

4837 

*a7 

4817 

1808 

4766 

4708 

teas 

v»c, 

MU 

4U8 

4839 

4613 

4008 

a 

u«e 

t5« 

1M7 

♦5OT 

4828 

4818 

«og 

n 

MW 

U80 

14U 

4U3 

44!3 

8 

VfK 

*38a 

4WT 

4an 

4S1S 

BOS 

42M 

*2M 

1287 

42J8 

4£40 

*tsi 

d 

WH 

4m 

ata 

4181 

Bl 

4090 

4081 

40M 

1 

«« 

*(i3» 

«100 

toa 

WIS 

*roa 

SB08 

3980 

3971 

aara 

HUSO 

S821 

3808 

S897 

3880 

S8M 

saw 

SS38 

3816 

s 

WW 

3J8» 

8778 

3760 

376S 

3741 

S7M 

M 

3713 

37M 

SrtB7 

8<ias 

3882 

3874 

3868 

3860 

3881 

9} 

MU 

a«3fl 

sets 

s«m 

3888 

3BM 

3883 

a 

3UB 

8US 

SS81 

3801 

.;i»e 

SM7 

waa 

m;j 

swu 

sua 

3Ut 

3137 

3M 

1  0 

MOO 

SMI 

3888 

S37* 

3367 

8828 

3308 

S»8 

M 

3JM 

S«8 

a7i 

32d£ 

S!M 

S2SI 

8M6 

3131 

sm 

3iia 

1208 

8189 

31  ee 

817S 

si«a 

3109 

3103 

3097 

s 

soai 

sntti 

8»78 

sn73 

SOiUI 

3080 

3048 

SUl 

8088 

sow 

ai^ti 

3017 

3l"Mi 

1MB 

ass 

2981 

»7S 

moi 

2Wa 

»1S 

a 

mi! 

l»0« 

tBOO 

■am 

28S0 

ssae 

1861 

> 

MM 

aaoo 

iMH 

«SS3 

a«7 

ISfJ 

Mil 

908 

H7S 

2782 

«6T 

1 

SIM 

2730 

2709 

lege 

MBS 

anss 

seas 

^72 

2*17 

W82 

2661 

1S48 

aiMB 

2808 

leoi 

WKW 

184T 

iMi 

iHB 

28.11 

:!S2e 

2517 

■aw. 

M97 

!*aj 

ma 

2473 

21M 

14M 

17 

SM4 

MOl 

»ss 

2879 

2308 

»«£ 

2388 

23fil 

urn 

ms 

iS37 

atss 

ttisa 

2.1!3 

1S14 

MiO 

SO 

2iM 

B2m 

E!74 

tKi 

;s«o 

tM 

2884 

USD 

aa 

tao 

ut 

22li 

2a07 

MOS 

i\K 

SIM 

aeo 

2188 

1181 

tlTT 

Aim  OOlfPABIXO  FOWSB8   OP  BUIXS. 
Tabu  XUI— cwUiMted: 


.j.].  . 

..  ;  «.  1  «. 

'      "I- 

». 

u. 

ft. 

n. 

It. 

fl. 

n. 

ft. 

ru 

^ 

ft 

m 

nn 

^ 

&« 

tus 

Ut 

un 

UM 

MM 

w 

M7 

M> 

am 

»H 

MM 

MM 

MR 

M» 

M 

WIS 

9>|] 

Msr 

19t« 

M 

un 

IW 

i»t 

tNi 

IM* 

IMl 

inr 

IMS 

IMS 

B 

Ufl 

IMI 

IIU 

UM 

■Ml 

IMS 

UM 

ISH 

inr 

ins 

IMI 

lUl 

m 

un 

ISM 

IMl 

1S17 

18U 

IM 

n 

in 

17»» 

ITM 

17M 

IIM 

17» 

m* 

IT7« 

IW 

ITS 

i» 

17V 

I7M 

ITM 

17M 

ITSt 

17M 

ins 

ini 

1W7 

M 

IM 

i«n 

1«» 

tm 

1«7I 

1MI 

IGSO 

IMS 

H4i 

ISU 

ten 

IMS 

lot 

1«U 

i*n 

IM* 

UW 

15M 

IMS 

lUl 

K 

OT* 

iim 

IMT 

IMS 

IHB 

]5K 

lUl 

IMS 

IStB 

Ui 

un 

im 

lEM 

ISM 

IMS 

laa 

M 

l«7 

1IM 

I4M 

1««S 

ItM 

1471 

U 

IMl 

IMS 

ItM 

14M 

ItM 

Its 

iw 

IW 

ita 

ItU 

uis 

UW 

ItM 

laoK 

i»i 

un 

)M7 

ISM 

1M> 

1*77 

M7* 

M 

im 

ItM 

IIM 

IMt 

11*8 

tsi 

mi 

M 

im 

i«n 

ISIS 

m* 

IW7 

UM 

IMS 

IMT 

IM 

1H7 

IMS 

ins 

liM 

OS 

im 

1H3 

ins 

V 

lU* 

IM 

ISM 

UM 

lt4f 

IIM 

litB 

« 

ita 

■HI 

itu 

Ull 

i:!» 

tlM 

IIU 

list 

1171 

I17S 

IT* 

lUS 

lira 

un 

IIH 

I1M 

lus 

iin 

new 

lis 

liM 

I0« 

lOW 

u 

1»0 

ll» 

IMS 

lOM 

lon 

ms 

1DT0 

HWT 

loet 

ion 

IWT 

loss 

IMl 

IMT 

lou 

IMl 

loan 

lOH 

IMS 

lou 

1000 

loot 

laat 

M» 

K 

Mt 

MO 

MT 

Mi 

m 

MB 

Mt 

tn 

MS 

M» 

MS 

•w 

MS 

Ml 

leo 

E7 

MO 

H4 

MO 

n7 

WIS 

MS 

M9 

wt 

m 

S77 

874 

m 

Ml 

MS 

nc 

fU 

SM 

s« 

n* 

HI 

m 

as 

sn 

MS 

n 

MO 

sot 

§00 

■m 

7M 

T«8 

TSi 

« 

77« 

ra 

m 

7«1 

TW 

710 

T« 

7W 

7J7 

n* 

m 

JSS 

MB 

7» 

N 

7M 

ses 

HM 

B 

•a 

mo 

aufl 

MS 

U7 

«M 

«1 

M» 

Mt 

S« 

AM 

K« 

n 

su 

<IS 

Rm 

Bi; 

M 

sw 

«» 

WO 

US 

na 

BM 

m 

ut 

M 

ut 

SM 

Ett 

BM 

n 

tea 

tso 

n 

m 

im 

tu 

t«i 

n 

«c 

*« 

M4 

M 

*i» 

tu 

r« 

IS 

toe 

«i; 

«u 

WT 

3M 

5W 

aT7 

K 

MB 

s« 

9M 

SM 

3G0 

rr 

sw 

3M 

SB 

581 

SM 

3M 

!M 

ni 

HW 

SOS 

JUS 

«W 

V 

!W 

is; 

284 

<8S 

x» 

Mt 

» 

KM 

Xn 

M? 

3M 

aes 

m 

i« 

S*l 

■s» 

&e 

ISO 

2SS 

lis 

■It 

a 

xm 

tM 

in 

IM 

isa 

186 

M 

ISO 

m 

IT* 

IM 

109 

IM 

ISl 

1» 

M 

IM 

lU 

IST 

in 

IB 

as 

i» 

ISS 

lot 

H 

M 

BS 

»» 

«S 

N 

JT 

fil 

u 

« 

M 

n 

s 

M 

M 

23 

SI 

IS 

IB 

10 

' 

MEASURINO  AKO  OOUPABINO  POWERS  OF    OUN6.        365 


•TABLE  XLm. 

A  General  Table  of  Values  of  ~  /  for  Spherical  Shot. 
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tv. 

O. 

1. 

2. 

3. 

«. 

8. 

6. 

7, 

8. 

9. 

Lb. 
80 
51 
5i 

tecs. 

IS'414 
12*852 
12*828 

sees. 

'356 

*798 

272 

sees. 
•299 
•744 
-221 

seos. 
•242 
-690 
•170 

secB. 
•185 
•687 
•119 

Bees. 
•129 
•584 
•060 

sees. 
•073 
•P3l 
•020 

sees. 
•017 
•478 
•970 

sees. 
•962 
•«!6 
•921 

secB. 
•907 
•874 
•872 

68 
64 
55 

11*823 
11*351 
10*904 

•775 
*305 
*861 

-726 
•259 
*818 

•679 
•214 
•775 

-631 
-169 
•732 

•584 
•124 
•690 

•5S7 
•080 
•647 

490 
•086 
•605 

•443 
•991 
-664 

■897 
•948 
•623 

66 

67 
58 

10*481 

10*080 

9*700 

440 
*041 
'663 

*399 

*ooa 

*626 

•358 
•964 
-589 

•318 
•926 
•653 

•278 
•887 
•617 

•238 

849 
•481 

•198 
-812 
•446 

•158 

•774 
•409 

•119 
-7S7 
-374 

60 
60 
61 

9*388 

8*995 
8*669 

•803 
*962 
*637 

•268 
•929 
*605 

•234 

•895 
•574 

•199 
•868 
-542 

•165 
'880 
-511 

-ISO 
•797 
•480 

•096 
-765 
•449 

•062 
•783 
•419 

•029 
•700 
•388 

62 
63 
64 

8*358 
8*061 
7*779 

*327 
*083 
*752 

•297 
-004 
-724 

-267 
•975 
•697 

•287 
-947 
•670 

•208 
•919 
•643 

•178 
•890 
•616 

-149 
•862 
'589 

•120 
•884 
•562 

-000 
•807 
•530 

65 
66 
67 

7-610 
7*252 
7*006 

*483 
*227 
*982 

•457 
•202 
•958 

•431 
•177 
•935 

•405 
•153 
•911 

•379 
•128 
•887 

-354 
•108 
•864 

'328 
•079 
•841 

•303 

055 

•817 

•277 
•030 
•794 

68 
60 
70 

6*771 
6*546 
6*381 

*748 
-624 
*310 

•725 

•502 

289 

•70S 
•481 
•2(J8 

-680 
-469 
•247 

•667 
-437 

•227 

•685 
•416 
-206 

•618 
•804 

•185 

•500 
•873 
•165 

•568 
•352 
-146 

71 
72 
78 

6*124 
6*927 
5-787 

*104 
*907 
•718 

-084 
-888 
•700 

•064 
•860 
•681 

-044 
-850 
-663 

•026 
•831 
-646 

•005 
-812 
•627 

•985 
•793 
-600 

-966 
•774 
-591 

-946 
-756 
•873 

74 
75 
76 

5*555 
5*380 
5*212 

-587 

363 

*195 

•619 
•346 
•179 

•502 
•329 
•163 

•484 
•312 
*146 

-466 
-295 
-130 

•4»8 
-278 
•114 

-482 
•261 
•098 

•414 
•245 
•062 

•897 
•228 
-066 

77 
78 
70 

5*060 
4*895 
4*745 

034 
-880 
*73l 

•019 
•866 
•716 

•003 
'840 
•702 

987 
*8S4 
•687 

•972 
•819 
'673 

•956 
•805 
•659 

•941 
•790 
•644 

-926 
•775 
•630 

•910 
•760 
•616 

80 
81 
82 

4*602 
4-463 
4*329 

•687 
•440 
*316 

•573 
•436 
•803 

•550 
•422 
•290 

•545 
•409 
•277 

'532 
'396 
'264 

•518 
•882 
•251 

•504 
•369 
•239 

•400 
•356 
•226 

•476 
•342 
•213 

8S 
84 
86  . 

4*200 
4*076 
3*957 

*188 
'064 
•945 

•175 
•052 
•933 

•163 
•040 
•921 

•150 
•028 
•910 

'188 
'016 
'896 

•125 
•004 
•887 

•113 
•992 

•875 

•101 
•980 
•864 

•088 
•968 
•852 

86 
87 
88 

3*841 
3*729 
8*621 

*829 
-718 
•611 

•818 
•707 
•600 

•807 

•tSM. 

•590 

•796 
*685 
•579 

•784 
•675 
•569 

•773 
'664 
'558 

•762 
•653 
•548 

•75i 
•642 
•537 

•740 
•682 
•527 

80 
90 
01 

3*517 
3*416 
3*318 

•607 
406 
309 

•406 

•896 

299 

•466 
•886 
•290 

476 

877 

•280 

•466 
•867 
•271 

.456 
'367 
'261 

•446 
•347 
•252 

•436 
•388 
•243 

-426 
•828 
•288 

92 

96 
94 

3*224 
3*133 
3044 

•215 
-124 
•036 

•206 
•115 
•027 

•196 
•106 
•019 

•187 
•097 
•010 

•178 
•068 
•001 

•169 

079 

•993 

•160 
•071 
•984 

•151 
•062 
•976 

•142 

068 

-967 

95 
96 
07 

2*960 
2*876 
2*797 

•951 

•868 
•789 

•948 
•860 
•781 

-934 
•852 
•773 

•926 
•844 
•765 

•917 
•836 
•758 

•909 
•828 
•750 

•901 
•820 
•742 

•893 
•812 
•784 

•885 
•804 
•727 

96 

99 

100 

2*719 
2'6i5 
2*572 

-712 
•687 
•666 

•704 

630 

•558 

•697 
•623 
•651 

•689 
•616 
•544 

•682 
•608 
•587 

•674 
•601 
•530 

•667 
•594 
•523 

•660 
•587 
•517 

•652 
•580 
•510 

101 
102 
108 

2*603 
2'4S6 
2*371 

•496 
•429 
•365 

489 
423 

*358 

•482 
•416 
•352 

•476 
•409 
-346 

•469 
•403 
•339 

•462 
•397 
•333 

•456 
•390 
•827 

•440 
•384 
•321 

•442 
•377 
-316 

10* 
106 
106 

2*308 
2*248 
2*190 

•302 
•242 
•184 

•296 
•236 
*179 

•290 
•281 

•173 

*284 
'225 
•167 

•278 
'219 
•162 

•272 
•213 
•156 

•266 
•207 
•151 

•260 

'202 

145 

•254 
•196 
•140 

107 
108 
109 

2*134 
2060 
2*028 

•129 
075 
023 

•123 
*070 
•018 

•118 
•064 
•018 

•112 
•069 
•008 

•107 

054 

'003 

'102 
'040 
'998 

•096 
•043 
•993 

'001 
'038 
'988 

•085 
•083 
•983 

110 
111 
112 

1*978 
1*929 
1-881 

•973 
•924 
•877 

•068 
•919 
*872 

•963 
•914 
•867 

•958 
•910 
•863 

•953 
•906 
•858 

948 
'900 
'854 

•943 
'895 
'840 

•968 
•891 
•846 

•988 
•886 
•840 

118 
114 
115 

1*835 
1*791 
1*747 

'881 

•786 

743 

826 
•782 
•789 

•822 
•778 
•735 

•817 
•773 
•730 

•813 
•769 
•726 

'806 
•766 
-722 

-804 
•760 
•718 

•800 
•766 
•714 

•706 
•752 
•709 

U6 
117 
118 

1*706 
1-664 
1-624 

•701 
•660 
-620 

-697 
-666 
•616 

-693 
•662 
•612 

•680 
•618 
•608 

•684 
•644 
•604 

•680 
•640 
-600 

•676 
•686 
•696 

•672 
•682 
•698 

•668 
'628 
'688 

*  T^Een  from  "  Bashforth'i  Motion  of  ProjectileB,"  hy  permiBBioa. 
t  y  s  velocity ;  Lb.  s  feet »  second. 
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APPENDIX  I. 

Returns  and  Examination  of  Ordnance. 
(1.)  Rules  for  Furnishing  Annual  Returns. 

Returns  according  to  the  accompanying  forms,  p.  371,  for  S.B.,  W.O.  1475,  Annual  return, 
and  for  rifled  guns  W.O.  1476,  will  be  sent  yearly,  by  officers  of  Artillery  in 
command  of  districts,  except  in  North  America,  to  the  Director  of  Artillery 
and  Stores,  on  the  Ist  of  June.    Those  from  the  North  American  Artillery 
stations  will  be  furnished  on  the  1st  November.     Officers  commanding  vessels  Date  for 
of  war  of  evenr  description  having  guns  on  board,  and  likewise  the  Royal  furnishing. 
Marines,  Royal  Naval  Reserve,  and  Coast  Guard,  having  ordnance  in  their 
charge,  will  fumbh  returns  on  1st  January,  through  the  Admiralty,  to  the 
Secretary  of  State  for  War.    These  annual  returns  are  forwarded  to  Super- 
intendent R.  G.  F.  for  report  and  record. 

It  is  necessary  for  the  iaentification  of  guns  that  the  descriptive  marks  should 
be  accurately  entered  in  the  return. 

The  weight  of  the  ffun  is  marked  on  the  top  of  the  gim  in  front  of  the  vent. 

The  initial  of  the  ractory  *  ^fidll  be  found  on  the  left  trunnion  in  aU  ca8es,t 
and  on  rifled  guns  the  numeral  of  pattern  or  mark  is  also  on  that  trunnion. 

The  date  of  proof  is  marked  on  the  reinforce  in  S.B.  guns,  and  on  the  left 
trunnion  with  rifled  guns.t 

The  register  nmnber  and  year  of  proof*  will  be  found  on  the  reinforce  in 
S.B.  cast  iron  guns,  and  on  the  left  trunnion  in  the  case  of  rifled  ordnance.^ 

Under  the  head  of  "  Nature,"  the  proper  name  of  the  gun,  with  its  nominal 
weight,  will  be  entered;  as  for  instance,  " 32-pr.  of  56  cwts," "  9-inch  R.M.L. 
of  12  tons,"  "  40-pr.  R.B.L.  of  35  cwt."  The  correct  designation  of  S.B.  guns  is 
given,  and  that  of  all  rifled  guns  will  be  taken  from  the  official  list  of 
chan^  of  ordnance,  published  with  the  Monthly  Army  Circular,  in  which  a 
descnption  of  every  gun  appears  when  finally  approved. 

The  column  headed  "  Date  of  last  examination  "  will  be  filled  in  from  the  Date  of  last 
date  of  the  last  inspection,  made  in  accordance  by  an  Inspector  of  Warlike  examination. 
Stores,  or  other  qualified  person. 

The  "  Condition  of  bore  "  and  "  Sentence  "  will  be  taken  from  the  last  report  Condition  of 
made  by  the  Inspector  of  Warlike  Stores,  or  other  examiner  conducting  the  bore  and 
periodic^  or  special  examinations  ordered;    but  if  the  gun  has  not  been  Sentence, 
examined,  owing  to    only  a  few  rounds   having  been  fired  from  it,  these 
columns  may  be  left  blank,  unless  the  commanding  officer  should  see  cause 
to  call  special  attention  to  the  gun. 

The  *'  Number  of  rounds  fired  "  at  the  date  of  making  the  return,  will  be  Number  of 
very  carefullv  entered  under  the  several  headings  ;  it  is  exceedingly  important,  rounds  fired, 
for  sake  of  the  record,  that  the  number  should  be  given  correctly.    The  num- 
ber of  rounds  fired  with  projectiles  since  previous  examination  should  also  be 
given.§ 

*  With  S.B.  ordnance  this  would  of  course  denote  the  foundry  where  the  gims  were 
cast. 

t  On  all  guns  proved  since  September  1857. 

t  Except  in  the  7-pr.  R.M.L.,  where  this  information  is  found  on  the  right  trunnion. 

§  The  number  of  rounds  fired  with  projectiles  at  the  time  of  making  the  annual 
returns  will  be  very  carefhlly  recorded  from  year  to  year.  All  the  older  cast  iron 
guns  which  were  in  the  service  previous  to  records  being  kept,  have  had  a  number  ot 
rounds  .**  assumed  **  from  the  size  of  the  vent,  in  accor£nce  with  the  instructions  of 
previoas  circulars.  The  number  of  **  assumed  rounds  "  will  be  entered  every  year  in 
red  ink,  and  the  actual  number  of  rounds  in  black  ink.  In  the  column  in  middle  of 
return  should  be  inserted  the  number  of  rounds  fired  with  projectiles  since  last 
examination. 
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Coadkioa  ef  The  eolomni  rqpwdiag  the  condhioo  of  the  fitdnn  of  the  frrrh  Inadhig 

Ifriiif,!,  BXl      gvnt,  Mod  the  reou  of  mimle-lfiadifig  guns,  viD  be  oQed  in  from  the  reporti 

ci  the  Inifiector  of  Wariike  Stoiet,  or  other  examiiier. 

Paiticnlaff  of  mjij  tpecoJ  delect  on  the  exterior  or  other  put  of  the  gun  will 

be  noted  in  the  oolomn  of  **  Rdmrkt^'*  if  not  mlmd  in  anj  odier  pari  of  the 

fctnni ;  mm  also,  uij  perpliar  circonutnnoe,  soeh  as  the  re^renting  of  a  mnnle- 

loading  gun,  the  bmiting  of  a  shell  in  the  bore,  the  fraeture  of  <S*>i'*gT,  fte. 

Reftrenee  will  be  made,  when  ntrrmmrj^  to  cxplanatorj  docamcota. 
Gons  wfaieh  hare  not  been  Ibcd  nnce  the  prerioos  letnin  will  be  entered  in 

the  return ;  bot  the  oolimuu  beaded  **  Condition  of  bore»"  **  Scatcnee,"  **  No. 

of  roundt  fired,**  and  condition  of  fittinii^  need  not  be  filled  in,  the  remaik 

*'  Not  oaed  since  18    .**  being  entered  against  them. 

(2.)  Rules  as  to  Examixatiosc  or  Gncs. 

For  home  serrioe  the  following  arrangements  will  be  carried  oat  for  gmn  in 
of  guns  in  Roral  Artillerj  charse  :— 

B<^ral  Aftilkfy      As  soon  as  a  fun  has  fired  the  nomber  of  rounds,  since  prerioos  rramination, 
*~<^  at  1^  down  in  the  regulationt,  vide  p.  2!M,  a  notification  of  the  circnmatanee 

^^f'^'  (see  Form,  p.  372)  will  besentto  the  Director  of  Artillery,*  or  in  tiie  case  of 

S.B.  pint,  direct  to  the  Superintendent,  R.G.F.,  bj  the  oflBoer  cominaiiding 
the  distnct,  and  practice  from  the  gun  wfll  cease  until  its  oonditiofi  has  been 
reported  upon.  At  the  end  of  ererr  ouarter  an  eiaimnfr  and  an  artificer  from  the 
RojalGun  Factories  will  risit  each  district,  and  examine  those  guns  which  hare 
fired  the  prescribed  number  of  rounds  and  perform  such  repairs  as  may  be 
required.t  Should  there  be  no  guns  in  a  district  requiring  such  examination 
or  repair,  the  district  will  not  be  risited  in  that  quarter. 
Nsral  Besenre  OHfioers  in  charge  of  Rojal  Naral  Reserre  batteries  wiU  applj  to  the  Com- 
htttteries.  missarj  of  Ordnance  Stores,  to  hare  such  of  their  guns  as  may  rec^uire  it 

placed  on  the  list  for  the  next  ouaiterij  inspection  of  the  district  in  which  the 
port  thej  are  stationed  at  may  be  sttuated.$ 

In  case  of  emergeocy  they  will  applj  through  the  same  channel  for  the 
immediate  senrioes  of  examiners  and  artificers  frmn  the  Roral  Gun  Factories. 
Inquiiy  to  be  When  any  accident  occurs  either  at  hojie  or  abroad,  such  as  the  bursting  of 
made  imme-  a  shell  in  the  bore,  the  splitting  of  a  breech-loading  rent-piece,  &c.,  immecuate 
diately  into  inquiry  will  be  made  into  the  circumstance,  and  the  gun  examined.  If  the 
the  caose  of  commanding  officer  conriders  the  damage  to  be  of  importance,  he  wiU  send 
accidents.  without  delay  a  report  of  the  circumstances  through  the  same  channel  as  his 

annual  return,  forwarding,  if  necessary  for  the  illustration  of  his  report,  gutta- 
percha impressions  of  the  damage  done  to  the  gun.  A  similar  course  wUl  be 
pursued  in  regard  to  naval  guns. 

Foreiffn  Statums, 

Examination  At  all  foreign  stations  the  examination  will  be  m%de  under  the  direction  of 

of  guns  in  the  officer  commanding  the  Royal  Artillery  in  the  district,  by  an  Inspector  of 

Royal  Artillery  Warlike  Stores,  should  there  be  one  at  the  station,  or,  if  not,  by  some  other 
charge  abroad,  competent  person.     A  report  of  the  examination  will  be  made  on  W.O.  Form 

1475  or  1476,t  and  forwarded  through  the  same  channels  as  laid  down  for  the 
annual  return.  Impressions  will  not  be  sent  with  the  report  unless  there  is 
any  doubt  as  to  the  serviceability  of  the  gun  or  guns ;  but  should  any  gun 
appear  to  be  in  an  unsennceable  state,  or  to  require  re-venting  or  other  repairs 
beyond  what  can  be  effected  on  the  spot,  impressions  will  be  forwarded  with  the 
report,  for  the  information  of  the  Director  of  Artillery  and  Stores,  who  will  give 
such  directions  as  he  may  think  desirable. 

If  guns  found  unserviceable,  or  requiring  re-venting  or  repair,  as  above,  be 
mounted  in  an  important  position,  or  if  local  circumstances  render  their 
immediate  exchange  necessary,  they  will  at  once  be  exchanged,  if  practicable, 

*  If  possible  a  gutta-percha  impression  of  vent  should  accompany  the  retom,  as 
the  Director  of  Artillerj',  after  its  inspection,  may  be  able  to  allow  of  continoanoe  of 
practice  from  the  gun  without  waiting  for  quarterly  inspection. 

t  A  copy  of  the  Examiner's  report,  upon  W.O.  Form  1476,  will  be  furnished  by  him 
to  the  officer  commanding  the  R. A.  District,  or  H.M.  Ship,  where  the  guns  are  monnted, 
to  enable  him  to  complete  his  Annual  Return  as  prescribed. 

X  In  sach  case  the  word  "  Special  '*  will  be  substituted  for  **  Annual "  in  the 
heading  of  the  form. 
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by  reouisition  on  the  Commissaiy  of  Ordnance  Stores,  approved  bj  tbe 
general  ofiBcer  commanding.  In  such  cases  the  requisition,  af^r  being  com- 
plied with,  will  be  forwarded  by  the  Conmiissary  to  the  Director  of  Cillery 
and  Stores. 

Officer  commanding  Her  Majesty's  ships  will,  from  time  to  time,  as  exigencies  Examination  of 
of  the  service  permit,  apply  to  the  Uommissary  of  Ordnance  Stores  at  the  station  naval  guns, 
to  cause  their  rifled  guns  to  be  examined,  unless  they  themselves  have  at  dis- 
posal the  means  of  effecting  the  service.  The  Conmiissary,  on  receipt  of  such 
demand,  will,  if  abroad,  send  a  requisition  to  have  the  service  performed  to  the 
officer  conunanding  the  Royal  Artillery,  and,  if  at  home,  to  the  Controller, 
Royal  Arsenal,  Woolwich,  except  in  the  Southern  or  Western  districts,  in 
which  the  demand  will  be  dealt  with  at  Portsmouth  or  Devonport  Gun  Wharf, 
and  the  examination  will  be  carried  out  in  the  manner  laid  down  for  Garrison 
Ordnance,  by  the  Inspector  of  Warlike  Stores,  if  there  be  one,  or  otherwise  by 
some  competent  person^  On  the  completion  of  the  examination,  the  result 
wiU  be  notified  to  the  Commissary  on  W.O.  form  1475  or  1476,  and  will  be 
forwarded  by  him  to  the  officer  commanding  the  vessel,  who  will  take  such 
steps  as  he  may  deem  necessary,  under  the  orders  of  the  senior  naval  officer. 
All  requisitions  from  officers  commanding  Her  Majesty's  ships  for  the  re-venting 
or  exciiange  of  gims  will  be  made  through  the  Commissary  of  Ordnance  Stores, 
and  will  be  complied  with  under  the  rules  laid  down  for  supplying  warlike  stores 
to  Her  Majesty's  vessels.  The  Commissary  will  report  his  proceedings  to  the 
Director  of  Artilkrv  and  Stores. 

(3.)  Instructions  for  the  Guidance  of  Examiners  in  the  Inspec- 
tion OF  Rifled  Ordnance. 

When  a  gun  is  to  be  examined,  the  bore  will  be  thoroughly  cleaned,  as  Preparing  a 
described  at  p.  295,  the  inspector  having  the  memorandum  of  examination.        g^ui  for 

The  barrel  being  in  a  fit  state,  the  Inspector  will  proceed  to  examine  it  by  examination, 
aid  of  a  lamp  and  a  sharp  pointed  pricker.    The  stave  of  the  pricker  should  How  bores  are 
be  graduated  in  inches  for  measuring  the  distance  of  the  defect,  which  is  to  be  examined 
recorded  in  inches  from  the  muzzle,  except  when  one  occurs  in  the  powder  and  defects 
chamber  of  a  breech-loader,  when  the  distance  of  the  defect  is  measured  from  noted, 
the  breech  end  of  the  barrel.    The  position  round  the  gun  is  recorded  in  all 
cases  as  "  up,"  "  down,"  **  right,"  "  left,"  or  in  intermediate  positions,  as 
"  right  of  down,"  &c.,  &c.,  looking  from  the  muzzle. 

The  Examiner  should  in  all  cases  take  gutta-percha  impressions  in  cases  When  im- 
where  it  is  necessary,  vide  p.  295.  pressions  are 

In  cases  when  an  impression  is  sent   away  for  decision  or  preserved  for  ^^  be  taken, 
record  it  should  be  carefully  labelled. 

(4.)  Method  of  taking  Impressions  in  Gutta-percha  and  Wax. 

The  common  kind  of  gutta-percha  used  for  the  soles  of  boots  is  suitable  for  Gutta-percha, 
the  purpose.     It  can  be  used  over  and  over  again,  and  need  never  be  thrown 
away  if  a  little  fresh  material  be  added  from  time  to  time,  to  prevent  it  from 
becoming  brittle.     It  should  not  be  allowed  to  become  mixed  with  dirt  or  grit, 
and  it  should  be  kept  in  water  when  not  in  use. 

The  method  of  applving  the  gutta-percha  is  as  follows :  A  sufficient  quantity  How  prepared, 
having  been  softened  by  being  put  into  boiling  water,  is  worked  and  kneaded 
on  a  smooth  board,  until  the  air  and  water  are  expelled,  and  a  smooth  surface 
obtained.  A  small  lump  is  then  placed  on  the  pan  of  the  instrument  (which 
should  have  been  previously  fitted  with  a  pad  of  gutta-percha)  and  screwed  up 
against  the  vent,  or  other  part  of  the  bore,  of  which  an  impression  is  to  be 
tilJien.  It  is  there  left  till  cold,  about  10  or  20  minutes,  according  to  the 
weather ;  then  the  instrument  is  withdrawn. 

A  little  soft  soap,  or,  if  that  be  not  available,  common  soap  and  water,  oil  How  osed. 
or  grease,  will  prevent  the  impression  sticking  to  the  pad.  llie  bore  of  the 
gun  should  be  slightly  greased.  Too  much  pressure  must  not  be  applied, 
otherwise  the  impression  will  be  very  thin,  and  if  the  defect  be  deep  it  will  be 
difficult  to  remove  the  gutta-percha.  A  good  deal  of  practice  is  required  to  get 
good,  smooth  impressions ;  and  several  impressions  of  the  vent  have  some- 
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times  to  be  taken  before  one  is  obtuned  which  can  be  idied  on  to  Aaw  any 
-      ..  hairlines. 

iADeiuiu^  When  an  impression  is  forwarded  with  a  return^  for  report  or  decision,  a  labd 

mipreMion.        ^jj  ^^^  gummed  to  the  back,  showing  the  name  of  the  station,  the  ^ite  of 

taking  the  impression,  the  direction  of  the  muzzle,  the  nature  and  number  of 
the  g^un,  and  the  position  of  the  fissure  (if  it  be  in  any  part  but  the  vent), 
defined  according  to  the  directions.    The  impression  should  be  reduced  to  the 
smallest  dimensions  compatible  with  showing  the  whole  of  the  defieci. 
Wu:  com-  ^^i^  composition,  which  tdbj  be  used  instead  of  gutta-percha»  for  taking 

position.  temporary  impressions  for  examination  on  the  spot,  is  made  of  beeswax  two 

parts,  treacle  one  part,  soft  soap  one  part  The  wax  should  be  melted  over  a 
slow  fire  in  an  iron  pot,  the  treacle  being  first  added  and  mixed  well  by  stirring ; 
and  lastly  the  soft  soap,  a  little  at  a  time.  The  mixture  must  be  kept  in  motion, 
and  when  thoroughly  mixed  poured  out,  and  made  into  balls  when  cooL  This 
composition  being  soft,  is  always  ready  for  use,  but  is  easily  destroyed  by 
hanaling.  The  cushion  or  pad  of  gutta-percha  will  be  removed  from  the  pan 
of  the  instrument  before  the  wax  composition  is  applied. 
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APPENDIX  II. 

Instructions  for  Bronzing  and  Blueing  Sights  and  Fit- 
tings, Browning  Guns,  deepening  Centre  Hind  Sight 
Holes,  fixing  Derricks,  &c. 

(1.)  The  steel  tangent  bar,  screw  trunnion  sight,  and  all  trunnion  sight  leaves  Blueing  steel 
are  blued.  sights. 

Blueing  consists  simply  in  covering  the  surface  with  a  thin  film  of  oxide 
sufficient  to  give  the  article  a  deep  blue  colour  and  to  prevent  further  oxida- 
tion from  exposure  to  the  atmosphere.  This  is  easily  effected  by  polishing 
well  the  surface  of  the  article,  and  heating  it  to  about  550°  until  it  assumes 
a  blue  colour  and  then  allowing:  it  to  cool  gradually.  A  sand  bath  is  generally 
used  in  order  to  obtain  a  uniform  heat,  and  the  bar,  &c.  is  taken  out  from 
time  to  time  to  watch  the  change  of  colour  and  to  prevent  its  going  too  far.* 

(2.)  'llie  exposed  gunmetal  portions  of  all  the  tangent  and  drop  sights  are  Bronzing  drof 
protected  from  the  influence  of  the  atmosphere  by  "  bronzing  "  as  follows  : —     sights,  &c. 

1st.  Polish  the  parts  well  and  heat  them  over  a  spirit  lamp  or  gas. 

2nd.  Polish  with  a  brush  and  black  lead,  to  remove  all  grease,  &c. 

drd.  The  bronzing  mixture  is  then  applied  to  the  heated  metal.  It  consists 
of— 

Bichloride  of  platinum    -  -  -    2  parts. 

Corrosive  sublimate         -  -  -     1     ,, 

Vinegar  -----     1      „ 

4th.  The  parts  are  next  dipped  into  boxwood  sawdust  to  dry  them,  and 
then  again  polished  with  black  lead  to  give  a  body  to  the  colour.  The  figures, 
which  are  left  bright,  are  rubbed  with  emery  cloth,  and  the  whole  is  finally 
varnished  with  shellac  and  methylated  spirits. 

(3.)  9  and  16-pr.  guns  are  browned,  the  operation  is  as  follows  : —  Browning. 

1.  Steam  the  gun  for  10  hours,  then  wash  with  a  lye  of  potash  (1  lb.  black 
potash  to  1  gallon  of  water) ;  repeat  until  the  grease  is  thoroughly  eradicated. 

(A.)  If  there  be  no  convenience  on  service  for  the  performance  of  the  steam- 
ing process,  simple  washing  may  have  to  be  employed  instead.  The  whole 
object  is  to  get  rid  of  oil  which  may  remain  on  the  surface  of  the  iron,  and 
hence  the  water  should  be  as  hot  as  can  be  borne  by  the  operator,  who  will 
rub  vigorously  all  over  the  exterior  surface  with  a  clean  hara  brush;  a  little 
hard  soap  should  be  used,  and  the  water  should  be  frequently  changed  so  as 
to  ensure  its  perfect  cleanness.  This  washing  and  scrubbing  with  soap  and 
hot  water  must  be  repeated  at  least  three  times ;  then  wash  the  gun  with  the 
lye  of  potash  as  aforesaid.  (B.)  Repeat  the  process  A,  consisting  of  three 
washings  and  scrubbings  with  soap  and  water,  and  of  one  washing  with  the 
lye  of  potash  several  times  j  to  obtain  perfect  cleanness  may  require  many 
repetitions  of  the  whole  process,  and  care  must  be  taken  not  to  touch  the  gun 
with  any  fatty  matter,  or  even  with  the  hand,  as  it  may  take  hours  of  washing 
to  wholly  remove  the  effect. 

2.  Wash  with  hydrochloric  acid  and  water  (equal  parts)  to  remove  oxide, 
then  wash  with  clean  water  and  wipe  dry.  3.  Apply  browning  mixture  with 
a  sponge,  and  let  stand  for  12  hours  in  a  temperature  not  less  than  60^  or 

*  The  temperature  may  be  judged  by  the  colours,  which  successively  appear  on 
the  surfiEuse  of  the  steel  at  various  low  temperatures,  viz. : — 

At  450^  F.  the  steel  becomes  a  straw  colour,  475°  an  orange  or  gold,  500°  brown, 
580°  purple,  550""  violet,  580°  blue,  610°  white,  and  at  625°  red. 

A  A  2 
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more  than  100^ ;  then  rub  off  rust  with  scratch-card  and  brush.  The  bfowning 
mixture  is  composed  of  the  following : — 


Tincture  of  steel    2    parts. 
Nitric  acid         -    1        „ 
Blue  vitriol       -     1        „ 


Spirits  of  nitre  -     1  i  parts. 
Spirits  of  wine  -     ll 
Soft  water         -  32 


»» 


To  be  mixed  in  2  quarts  of 
"     r      soft  water. 


; 


giU. 


4.  Apply  mixture,  let  it  stand  six  hours,  rub  off  rust.  5.  Repeat  No.  4. 
6.  Applj  mixture,  let  it  stand  six  hours,  then  boil  fire  minutes  in  a  Ije  of 
jKitasn  ( I  lb.  potash  to  2  [gallons  of  water),  then  rub  off  rust.  7.  When  cold, 
re|>eat  No.  4.  8.  Repeat  No.  4.  9.  Apply  mixture,  stand  six  hours,  then 
t)oil  as  in  No.  6  operation,  rub  off  rust,  then  coat  with  olive  oil. 

Care  to  be  taken  to  well  sponge  and  diy  the  bore  and  chambers  after  each 
oi)cration  of  washing,  steaming,  or  boiling. 

Stored  roquired  The  following  is  a  detail  of  the  stores  and  quantities  of  ingredients  allowed 
for  browmng  a  per  battery  biennially  required  for  browning  a  battery  of  six  9-pr.  guns,  or  six 
battery.  l6-pr8.,*  viz. : — 

Tincture  of  steel  -  -  -    4  ozs.' 

Nitric      -  -  -  -    2  „ 

Blue  vitriol  -  -  -    2 

Spirits  of  nitre     -  -  -    2  „ 

Spirits  of  wine     -  -  "    ^  „  ^ 

Hydrochloric  acid  .-."'--        6  lbs. 

Earthenware  pan  to  hold  6  quarts,  for  hydrochloric  acid         1 

American  potash  .....        6  lbs. 

Wooden  pail  for  do.        -  -  -  -  - 

oa 

Sponge  cloth  for  do.        - 

Sponge  to  apply  the  browning  mixture   .  -  . 

Fiat  brush  to  applv  the  hydrochloric  acid 
Scratch-card  to  rub  the  surfeice  of  the  gun  between  the 
coatings  ------        6  ins. 

Coals a351bs. 

IVeparing  gun  (^0  As  mentioned  at  p.  195,  lengthened  centre  hind  sights  are  to  be  supplied 
for  loDgthencd  eventually  for  9-inch  guns  and  upwards,  and  for  that  purpose  the  socket  nole 
hind  tight         has  to  be  deepened. 

The  tools  required  are  mentioned  below,  as  well  as  the  necessary  instmctions 
regarding  their  use. 

Tools  for  deepening  holes  for  lengthened  Centre  Hind  Sights,  9-inch  R.M.L. 
Guns  and  upwwds : 

Brace,  ratchet,  20" 

n  -n  / 16"     - 

Lfnii  •  -•<  22V' 

Guide,  steel 
Stamp,  D.         - 

Instructions  for  deepening  the  centre  hind  sight  holes  for  9",  KK',  11^,  and 
12"  guns : — 

Take  out  the  metal  si^ht  socket  and  put  tiie  steel  guide  in  its  place.  Erect 
the  sighting  machine  drill  frame  (marked  L  in  the  tools  for  sightmg  ordnance) 
placing  the  drill  in  the  steel  guide  and  bringing  the  feed  screw  exactly  to  it 
The  drill  and  feed  screw  will  not  be  quite  perpenmcular,  but  will  be  inclined  at 
the  correctionaJ  angle  for  the  gun's  deflection.  Fasten  the  frame  securely 
by  a  strong  chain  or  rope  to  the  gun,  placing  a  block  of  hard  wood  under  the 
tail. 

The  holes  in  the  12  and  18-ton  guns  can  be  sufficiently  deepened  with  the 
shorter  drill  alone,  but  for  those  in  the  25-ton  guns  it  will  be  neoesaaiy  to 
extend  the  hole  farther,  and  the  longer  drill  must  be  substitated*  when  the 
shorter  oue  has  drilled  as  deeply  as  the  feed  screw  will  drive  it  It  will  be 
found  convenient  to  mark  the  proper  depth  on  the  drill. 


*  Half  as  much  again  for  1 6-prs.  as  to  proportion  of  stores. 


To  nae  tfae  nucbine,  iiiMrt  the  drill,  attach  the  ntchet  bnce,  gently  tighten 
up  the  feed  screv,  lubrinte  with  oil  and  turn  the  h&ndle. 


When  the  proper  depth  hu  been  attained,  remove  tiie  Apparatus  and  rteel 
guide,  thoroughly  clean  out  the  hole  and  replace  the  socket;  a  amall  D  will 
then  be  stamped  upon  the  gun  in  front  of  the  pocket  hole. 

(5.)  As  mentioned  st  p.  195,  the  followins  instructions  apply  to  the  fliinfc  lazing 
on  the  guns  of  the  muzde  demclis  describea  at  p.  207,  Chspter  IX.  deniski 

Instractions  to  be  observed  in  fixing  bronse  derricks  to  mussles  of  heavy 
rifled  ffuns : — 

Ist.  Scribe  a  line  upon  the  top  of  the  chase  from  the  vertical  axis  line  on 
muzzle  for  a  distance  of  about  13  inches  towards  the  fore  sight. 

2nd.  Remove  the  fixinf;  screws  and  then  try  on  the  band;  there  may  be  B 
slight  variation  in  the  diameter  of  the  muzzles  of  guns  of  the  same  nature, 
but  if  they  are  correct  the  bands  would  be  seated  as  follows,  viz. : — 

Distance  from  face  of  muzzle  to  front  l  for  9"'  M.L.  guns  5i" ; 
edgeofband  -  -  - /for  10",  11",  12".and  12i"  guns,  6". 

Should  the  band  not  reach  its  seat,  it  will  be  necessary  to  ease  it  inside 
with  a  half-rouud  file  until  it  attains  the  required  position.  If,  on  the  other 
hand,  the  muixle  of  the  gun  be  small,  the  band  must  be  pushed  on  as  far  as 
it  will  go. 

3rd.  When  the  band  has  been  placed  roughly  in  its  position,  turn  it  round 
until  the  vertical  lines  cut  on  the  front  and  rear  faces  aftjee  with  the  scribed 
line  on  muizle  mentioned  above.  When  properly  adjusted  give  the  front  edge 
a  few  gentle  taps  all  round  with  a  piece  of  wood  to  drive  it  on  to  the  chase, 
and  thus  fix  it  temporarily  in  position,  hut  the  relations  of  the  lines  must  not 
be  disturbed  in  so  doing. 

4tb.  Now  mark  ofiF  upon  the  chase  the  positions  of  the  holes  by  means  of 
a  steel  ecriber  carefully  a uided  around  the  interior  of  the  screw  noles,  and 
then  remove  the  band.     Special  sttention  must  be  paid  ta  this  operation. 

5th.  Dot  round  with  a  centre  punch  the  circles  just  described,  and  centre 
each  as  nearly  m  possible  ready  for  drilling. 

6th,  Erect  the  drilling  apparatus  and  drill  very  carefully  four  holes,  each 
^  in  diameter  and  li  deep,  to  correspond  with  the  plain  points  of  fixinff  screws. 

Judgment  must  be  exercised  in  drawing  the  holes  if  required,  so  tnat  tbey 
may  be  perfectly  concentric  with  the  dotted  circles  previously  marked  off. 

At  the  chief  stations,- where  artificers  are  at  band,  drills  can  readily  be  pre- 
pared on  the  spot  for  this  purpose,  but  in  localities  where  these  oonvmiences 
do  not  exist  the  drills  can  be  supplied  on  demand. 

7th.  After  the  holes  are  completeil  remove  the  drilling  tackle,  olestn  the 
snr&ce  of  the  chase,  take  off  alt  "  burrs  "  from  the  holes,  and  place  the  band 
in  position  ;  then  insert  the  screws  and  send  them  home  firmly  and  securely. 

6th.  in  the  event  of  the  band  being  fitted  to  a  gun  witn  small  muuK 
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'W.A  ^»*, 


>rei  th-  f:in  at;-!  lii: 
iii5  lir*  &a:ui  be — 


fri^5*t  tLe  brsdce  pieee  viiieii  soppoits  the  derrick  wfaen 

fser  ssaj  be  brooeht  fcrrad  in  order  to  mmimain  the 

the  sarT>  cf  toe  pxce.     It  viD  be  reouisite  first  to 

to  drrp  a  plicsb  line  from  the  centre  of  tae  loop  or  tjt 

Afi  i  the  distarce  Qeamied  from  the  face  of  muxzle  to 


Limits  of  CRtv, 
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OTerfaacx  has  been  obcain«d. 
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APPENDIX  III. 

MlTRAlULErR   OR   MaCHIXE  GuXS. 

Mitraiiieor^  cr  michice  inins*  of  some  description  now  exist  in  limited 
niLmbers  in  the  armament  of  most  fcteal  povers. 

With  rej^ar  1  to  the  raison  d'  etre  of  these  weapons,  it  appeared  on  the 
introduction  of  rlded  field  guns  that  the  smaller  charges  used  with  and  motion 
imparted  to  the  projectile  somewhat  decreased  the  effect  of  case  shot^f  while 
shell  fire  until  faxes  are  much  improved  -■  at  short  ranges  must  alwajs  be  more 
or  less  uncertain.  Mitradleurs  were  therefore  made  with  a  ^iew  to  their 
affordirsr  a  fire  like  that  of  case  >miirttUle-,  or  a  hail  of  buDets,  for  ranges 
up  to  1,IM>  or  1^.»  yards. 

In  1^61'  the  question  of  such  weapons  was  seriously  taken  up  bj  different 
nations,  'llie  United  States  Govemrcent  c«dered  100  Gatling  gui»  to  be 
used  for  dank  defences,  and  occasionaUr  as  field  artillery;  while  several 
European  states  had  one  or  two  Montignv  mitiailleurs  manufactured  for 
trial.  Id  1^67,  our  Ordnance  Select  Committee  tried  a  Gatling  gun  against  a 
9-pr.  R.B.L.  gun,  with  very  €sir  results  for  the  former;  while  in  1869,  as 
Maior  Fosberr  had  reported  favourablv  to  the  India  Office  upon  the  Montignv, 
and  the  French  Government  were  making  a  similar  a*eapon  in  considerable 
numbers,  it  m-as  decided  to  carry  out  further  trials,  both  with  the  Montigny 
and  the  (latling  gun,  which  latter  had  been  much  improved  by  Mr.  Broadwell 
since  the  experiments  of  1S69. 

In  August,  1S70,  a  Special  Committee  t  carried  out  these  further  trials, 
which  resulted  in  the  preference  being  given  to  the  Gatling  gim,  a  small 
number  of  which  the  committee  reconunended  should  be  at  once  purchased. 

Their  report  was  made  in  November  1870,  at  which  date  a  full  knowledge 
had  not  been  obtained  of  the  effect  of  the  mitrailleurs  used  in  the  Franco- 

^  Fire-arms  having  many  barrels,  intended  either  to  be  fired  together  or  in  rapid 
Boeoession,  are,  however,  by  no  means  a  modem  conception ;  although  the  introduc- 
tion of  rifling  and  metallic  cartridges  luuc  of  coone  revolutionised  their  nature  and 
^nnnnihctnre. 

In  the  earliest  davs  of  artillerv,  we  find  machines  used  under  the  names  of 
libavdeqidns,  orgnes,  orgels,  organ  or  tube  guns,  &c.,  in  which  several  barrels  of 
mall  calibre  were  united  in  a  single  mass,  or  on  a  rigid  framework. 

Tbeee  weapons  were  originally  of  clumsy  con^tructioo,  aod  could  not  be  discharged 
witk  rapidtty.  Towards  the  end  of  the  loth  century,  however,  more  efficient  organ 
gimt  were  taken  into  the  field ;  but  wheeled  carriages  strong  enough  to  resist  the  re- 
coil of  a  fidd  piece,  and  yet  fidriy  mobile,  were  copstmcted  about  this  period,  so  that 
naneis  If  when  invading  Italy  in  1515,  though  he  carried  organ  |:nns  with  him,  also 
look  a  number  of  field  pieces.  As  the  latter  improved  in  mobility,  the  use  of  tabe 
gmis  was  gradually  given  up,  and  after  the  16th  century  their  employment  in  war 
■MBS  to  have  been  exceptional. 

t  Hie  i^eetive  range  is  supposed  to  have  retrograded  from  100  to  150  metres,  or 
teCanui  840  and  500  feet.    Vide  also  Froceedingit,  R.A.I.,  Vol  IX.,  No.  4. 
X  TnMeat,  Colonel  Wny,  C3.,  R.A. 
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Gennan  war  of  that  year.  Twelve  Gatlinf(  pfuns,  however,  of  small  calibre, 
for  land  service,  and  24  of  medium,  together  with  12  of  small  size  for  sea 
service,  were  ordered  as  a  tentative  measure,  until  further  experience  was 
gained. 

In  November  1871,  the  Special  Committee  above  mentioned  having  prose-  Adoption 
cuted  further  inquiry  as  to  the  intentions  of  foreign  governments  regarding  recommended 
machine  guns,  and  having  examined  a  number  of  officers  who  were  present  of  the  0 -65'' 
with  French  or  German  armies  during  the  war,  made  a  second  report,  in  and  0*  45" 
,  which  they  adhered  to  their  former  opinion,  recommending  the  adoption  of  GatUng. 
the  larger  Gatling  gun  of  0*65-in.  bore  for  coast  defences  and  naval  service, 
and  the  smaller  of  0'45-in.  calibre  for  field  purposes. 

As  already  mentioned,  a  small  number  of  these  guns  had  been  ordered  in  Finally  ap- 

1870,  and  it  was  thought  advisable,  before  manufacturing  any  more,  that  proved  of 
these  should  be  thoroughly  tried  in  the  service.     A  number  of  0'45-in.  calibre,  in  1874  by 
and  of  0*65-in.  calibre,  have  been  made   for  S.S.,  and  lately  some  smaller  §  2647. 
0*45-in.  Gatlings  have  been  ordered  for  Indian  service.     All  the  Gatlings  we 

have  have  been  manufactured  by  the  E.O.C.  These  Gatling  guns  were  finally 
approved  of  as  service  pieces  in  1874.* 

In  Prussia,  both  Montigny  and  Gatling  milrailleurs  were  tried  in  the  year  Prussia,  1869 
1869,  in  the  presence  of  the  king;  but  as  it  was  thought  that  the  results  and  1871. 
f(ained  by  their  use  were  not  adequate  to  "  the  personnel  and  mat^iel  required 
in  serving  them,'*  they  were  not  approved  of. 

With  the  exception  of  one  battery  of  revolver  cannon  on  the  Feldl  system, 
made  during  the  war,  no  machine  guns  have  been  made  for  this  power ;  but 
we  must  remember  that  large  numbers  of  the  French  miti-ailleurs  captured  in 
1870  are  in  her  possession.     Some  of  these  wefe  tried,  indeed,  at  Berlin,  in 

1871,  and  pronounced  superior  both  to  the  Gatling  and  Montigny  guns.f 

Russia,  in  1873,  had  as  many  as  300  Gatling  guns,  but  since  that  date  has  Russia,  1878. 
adopted  the  Nobel  machine  gun,  a  species  of  Gatling,  with  certain  alterations 
on  the  plan  of  General  Gorloff.     Austria  has  adopted  the  system  of  Christophe  Austria. 
and  Montigny  in  her  mitrailleuses.     She  has  added  many  of  these  weapons 
to  her  armament.    Turkey  possesses  a  number  of  machine  guns  made,  like  our  Turkey. 
own,  on  the   Gatling  principle.      America,  as  we  have  seen,  also  uses  the  America. 
Gatling  (which,  indeed,  owes  its  origin  to  that  country)  both  for  fortress  defence 
and  for  field  service.]: 

So  much  as  to  the  history  of  mitrailleurs  and  Gatling  guns  ;  let  us  now  turn 
to  their  probable  employment  and  advantages  as  a  gun  or  fire-arm. 

The  experience  which  was  gained  during  the  war  of  18/0,  and  careful 
official  investigations  made  since  that  time  by  the  War  Departments  of  various 
powers,  enable  us  now  to  form  a  fair  estimate  as  to  the  value  of  such  guns, 
and  to  see  more  plainly  the  uses  to  which  they  should  be  applied,  and  it  is 
evident  that  their  employment  will  be  limited,  and  will  be  restricted  in  general 
to  the  following : — 

i. — For  Field  Service,    An  addition  of  a  light  nature  in  small  numbers  to  ^^\^  service 
the  reserve  artillery  of  an  army,  for  increasing  the  fire  of  infantry  at  critical 


*  « 


It  is  proposed  to  keep  in  store  in  reserve  a  few  Gatling  guns  (made  by  contract), 
in  case  they  should  be  rc<iuired,  and  also  to  iifisuc  a  limited  number  to  ships  of  war. 

**  As  these  weapons,  however,  are  considered  complicated  and  of  limited  power,  it 
is  not  contemplated  that  they  will  be  much  employed  on  active  service,  and  no  troops 
are  armed  with  them.  The  ammunition,  being  of  a  special  nature,  is  also  purchased 
as  required,  by  contract." — Proceedings,  D.  of  A.,  Vol,  XII.,  p.  321. 

f  This  conclusion  is  scarcely  home  out  by  unprejudiced  evidence. 

X  In  &e  kingdom  of  Sweden  and  Norway  a  Commission  has  lately  investigated 
the  subject,  and  according  to  their  report  a  species  of  machine  gun  invented  by  Messrs. 
Winhom  and  Palmcrantz  is  likely  to  be  adopted  there.  ^ 

Aecording  to  the  Report  of  a  French  Commission  this  weapon  has  certain  defects 
fts  to  the  complication  of  its  mechanism,  &c. 

A  six  barrelled  machine  gun,  termed  the  '*  Hotchkiss  revolver  cannon,'*  has  lately 
been  experimented  -with  in  Germany.  It  is  meant  to  fire  small  shells  weighing,  when 
liiD,  about  1^  lb.,  with  percussion  fuze.  It  outwardly  resembles  a  Gathng,  but  has 
only  one  loek,  opposite  to  which  each  barrel  is  brought  in  turn. 
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moments/  and  for  the  d^ence  of  bridges,  villages,  field  entvencbmentt, 

&c. 
Fortresses  or         ii. — Por  Fortresses  or  Siege  Works.    In  caponni^res,  tAtes  du  pont»  breaches, 
siege  works,       i^q^  flank  defence  generally,  and  for  use  in  advanced  trenches. 
Naval  pur-  iii. — For  Naval  Purposes.    Firing  from  ships'  tops,  and  in  boat  operations, 

poses. 

i. — Employment  in  the  Field, 

Field  guns  v.         In  the  field,  mitrailleurs  would  have  to  oppose  either  artillery^  cavaliy,  or  in- 
mitraiUeurs.       ^ftntry.  To  be  efPective  against  field  guns  they  must  have  long  range,  be  oompaa-^ 

tively  heavy,  and  carry  such  a  weight  of  anununition  that  the  number  of  hanes 
required  would  be  almost  the  same  as  that  used  with  a  field  gun ;  whDe  for 
many  purposes  they  would  be  quite  powerless, — for  instance,  against  wills, 
stockades,  entrenchments,  or  cover  of  almost  any  kind.  Against  the  horses 
and  men  of  artillery  exposed  within  the  range  such  mitrailleurs  might  indeed 
be  formidable ;  but  that  would  not  make  up  for  their  impotence  in  shell  fire 
for  destroying  villages  or  mat^el,  blowing  up  ammunition  wagons,  driving 
troops  out  of  cover,  &c. 
Franeo-  General  Walker,  who  accompanied  the  Prussians,  states  that  **  the  Frendi 

Qerman  war.      mitrailleurs  were  invariably  driven  o£P  the  field  the  moment  they  showed  Uiem- 

selves  so  that  the  Prussian  artillery  could  get  at  them."     (The  beat  range  for 
the  Prussian  guns  was  1,800  yards.) 

Captain  Gmrdon,  R.N.,  who  was  with  the  French  army  of  the  Loire,  ssts 
that,  when  opposed  to  artillenr,  mitrailleurs  always  had  the  worst  of  it.  He 
only  saw  one  case  when  they  had  any  efPect  upon  the  former,  "  at  the  battle 
of  St.  Jean-sur-Eroe,  where  three  Prussian  12-prs.  came  down  a  road  and 
opened  fire  upon  us  at  a  distance  of  2,400  ysjtls.  We  brought,"  he  savs,  "foar 
mitrailleurs  a^piinst  them,  and  after  a  quarter  of  an  hour  the  guns  limbered  up, 
evidently  having  some  of  their  horses  and  guns  disabled,  and  retired  another 
3(K)  yards  to  the  rear." 
Colonel  Wray*s  At  times,  however,  mitrailleur  fire  has  proved  more  destructive  than  that  of 
Committtfe.        gun8,t  and  the  evidence  taken  by  Colonel  Wray's  Conunittee  of  Officers  who 

had  seen  these  weapons  largely  used  in  the  field  was  thus  sununed  up  by  Colond 
Fletcher,  Scots  Fusilier  Guaras,  one  of  the  Committee. 

1 .  The  French  officers,  and  those  who  witnessed  the  campaign  from  the  Frendi 
side,  were  generally  in  favour  of  the  emplo;pnent  of  mitrailleurs  in  the  field. 

2.  The  Prussian  staff  disapproved  of  their  introduction  into  the  service. 

3.  English  officers  who  were  present  with  the  German  army,  with  one  excep- 
tion, considered  that  for  certain  purposes  they  might  prove  usefiil  af^juncts  to 
field  artillery  .J 

*  It  must  be  remeiubcrcd,  however,  that  great  care  and  caution  have  to  be  esKt- 
cised  in  the  introduction  into  our  field  equipment  of  an  arm  of  such  limited  u^ 
If  we  do  employ  any,  they  should  be  the  very  best  obtainable ;  so  that  the  wisest 
policy  is  not  to  manu&cture  many  till  greater  mobility  than  oar  service  Gstling 
possesses,  as  well  as  the  other  essentials  required  have  been  attained.  As  soon  ss 
this  is  the  case,  the  necessary  number  for  the  reserve  of  our  army  can,  with  the 
manufacturing  capabilities  of  this  country  be  produced  at  very  short  notice. 

t  Captain  H.  Brackenbury,  RJ^.,  mentions  several  instances  : — *'  At  the  battle 
of  Rezonville,"  he  says,  "  we  have  very  plain  evidence  as  to  whether  the  Fteatk 
considered  the  mitrailleuses  to  be  more  effective  than  guns  in  certain  positions,  bj 
this  fact,  that  Marshal  Bazaine,  who  was  there  on  the  spot  himself  (near  a  nvine 
close  to  the  Bois  do  Oignons),  had  plenty  of  guns  under  his  band,  bat  had  oolj 
two  batteries  of  mitrailleuses.  To  defend  the  head  of  this  ravine  (and  this  wii 
after  having  seen  previous  battles)  he  brought  up  his  mitrailleuses.  Any  one  ▼!» 
has  seen  that  battle-field,  who  has  seen  the  way  in  which  the  graves  are  at  ^ 
point  piled  almost  one  upon  another,  will  see  how  awful  the  slaoghter  must  hsie 
been  ;  and  it  was  due,  practically,  entirely  to  these  mitrailleuses." 

**  There  is,"  he  also  says,  "  another  peculiar  case,  and  that  is  on  the  western  vM 
of  the  battle-field  of  Sedan.  On  the  heights,  close  to  Floeing,  there  was  pUoed  t 
battery  of  mitrailleurs.  There  is,  opposite  to  that,  a  round  hill  with  wood  on  tfc' 
top,  and  out  of  this  wood  and  finom  behind  this  hlU  came  the  Prussian  eolamBi.  M 
they  came  out  they  were  swept  down  by  these  mitrailleuses,  and  they  did  not  ■'•'**J 
Thev  could  not  make  any  progress,  but  were  obliged  to  go  back  again,  and  go  roosd 
on  the  reverse  slope  of  the  hill,  checked  by  the  mitrailleuse." 

X  As  the  mitrailleur  can  only  be  used  advantageously  for  defensive  tac^t  *"^ 
that  on  exceptional  occasions,  when  the  ground  in  firont  is  clear  of  cover,  it  is  ff«D^ 
rally  agreed  that  the  reserve  of  a  division  is  the  proper  place  for  batteries  ccthtf 
arm,  if  it  be  taken  into  the  field. 
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Colonel  Wrap's  Committee  carried  on  exhaustive  trials  between  the  9-pr. 
R.M.L.  gun,  ming  shrapnel,  a  small  (0*45-in  bore)  Gatling  gun,  and  six 
Guardsmen  armed  with  the  Martini-  Henry  rifle.  In  a  series  of  eleven  trials  where 
the  firing  took  place  at  ranges  from  dOO  to  1,200  vards,  and  under  various  con- 
ditions as  to  time  and  distance,  the  Gatling  inade  2,699  hits,  the  9-pr.  gun  1,620, 
and  the  Martini-Henry  718.     (Vide  tables  of  practice,  p.  384.) 

This,  of  course,  merely  proved  that  under  certain  circumstances  the  fire  of  a 
mitrailleur  would  be  very  deadly  beyond  the  range  of  case  shot ;  but  it  must 
also  be  borne  in  mind  that  with  known  short  ranges  the  fire  is  certain,  while 
shell  fire  is  always  more  or  less  uncertain. 

With  these  nets  and  this  evidence  before  them,  the  Committee,  in  their  final  Recommended 
report,  laid  down  distinctly  *'  that  the  mitrailleurs  should  be  treated  purely  as  for  weapons 
defensive  weapons,  and  that  they  should  in  general  be  entrenched,  and  kept  of  defence, 
as  far  as  possible  masked  from  artillery  fire ;  that  the  so-called  small  Gatling 
of  0'45-in.  calibre — of  which  the  destructive  effect  against  troops  in  the 
open,  at  ranges  up  to  1,400  yards,  is  estimated  as  being  nearly  three  times 
that  of  the  9-pr.  field  gun — should  be  lightened,  so  as  to  be  easily  drawn, 
with  its  carriage  and  ammunition,  by  two  horses,  and  on  an  emergency  by 
one."    Also  '*  that  the  field  artillery  should  not  be  reduced  by  a  single  man 
or  horse  for  the  sake  of  substituting  mitrailleurs." 

To  assist  in  defending  such  positions  as  villages,  field  entrenchments,  &c., 
the  Committee  considered  that  the  small  Gatling  would  be  found  valuable. 

ii. — Employment  of  Machine  Guns  for  Fortresses  or  Siege  Works, 

Where  space  is  limited,  the  front  clear,  and  range  known — as  in  permanent 
works — these  weapons  would  probably  be  most  useful  in  caponni^res,  counter- 
scarp galleries,  &c.,  for  the  defence  of  ditches,  as  well  as  of  the  short  flanks  of 
works,*  while  in  a  breach  their  effects  would  be  most  formidable. 

iii. — Employment  of  Machine  Guns  for  Naval  Purposes, 

The  advantages  of  using  mitrailleurs  for  ships'  tops,  to  repulse  boarders,  and 
for  boat  service  in  certain  cases  are  generally  recogmsed. 

They  have  not  actually  been  used  in  naval  warfare,  so  we  have  nothing  but  Boat  or  field 
experimental  data  to  go  upon.  marine  pur- 

ror  covering  a  landing  they  would  no  doubt  be  useful,  should  the  beach  and  poses, 
adjoining  country  be  open — as  would  usually  be  the  case ;  though  even  then 
they  should  supplement;  and  not  supersede,  the  heavier  natures  of  guns  used  for 
boat  or  field  marine  service.    Notwithstanding  that  great  advantf^e,  in  a  boat, 
of  absence  of  recoil,  their  manifold  disad\imtages  must  not  be  lost  sight  of. 


♦  He  Swedo-Norwegian  Committee  report  that  "  in  warfare  of  position,  or  fortresses, 
these  arms  have  so  sreat  and  so  evident  an  importance  that  opinions  cannot  differ 
thereon."  The  Americans  carried  on  exhaustive  trials  last  year  between  Gatling 
gons,  field  guns,  and  8-inch  siege  howitzers ;  and  the  report  of  the  board  of  officers 
concerned  was  strongly  in  &vour  of  using  some  of  these  weapons  for  flanks  of  works. 
In  consequence,  the  Secretary  of  State  for  War  has  recommended  to  Congress  the 
Appropriation  of  292,600  dols.  for  the  immediate  purchase  of  209  Gatling  guns  and 
carriages,  to  be  in  position  by  the  Ist  July  1874.  Another  special  board,  U.S.  Army, 
repomng  as  to  advantages  of  mitrailleurs  in  defending  short  flanks,  say  : — "  There 
can  be  no  question  that  the  great  volume  of  fire  of  the  8-in.  howitzer  (1,173  balls 
discharged  in  one  minute,  or  double  that  number  if  necessary),  would  prove  irre- 
sistible on  the  short  lines  of  our  permanent  fortifications.  Besides,  these  guns 
admit  of  the  use  of  shells  when  needed. ''  In  cases,  however,  of  a  simultaneous 
attack  on  the  curtain  and  faces  of  adjacent  bastions,  they  go  on  to  say, "  It  would  be 
impossible  to  serve  the  opposite  howitzers  with  the  freedom  a  good  defence  would 
require,"  on  account  of  the  risk  to  gunners  in  opposite  casemate.  The  board 
therefore  recommended  one  Gatling  gun  **  for  each  flank  of  casemated  forts,  even  to  the 
displacement  of  the  howitzer  when  there  is  but  one  flank  embrasure,  if  the  scarp 
can  be  readily  approached  and  if  there  be  a  line  of  embrasures  raised  but  a  few 
feet  above  the  ground." 
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Construction  of  Service  Gailing, 

The  following  are  the  details  of  construction  of  our  service  Gatling,  §  2642. 
which  belongs  to  the  description  of  mitrailleurs  where  the  barrels  revolve,  §  2647. 
and  are  charged  simultaneously.  Each  barrel  has  its  special  lock,  which 
accompanies  it  during  revolution,  and  is  also  capable  of  motion  backwards 
and  forwards.  It  pushes  the  cartridge  into  its  barrel,  then  serves  as  a  breech, 
and  afterwards  extracts  the  empty  cartridge.  Each  lock  has  a  striker  with 
spiral  spring,  and  an  extractor. 

The  system  is  caused  to  revolve  by  means  of  a  crank  fixed  on  the  right  side  Scattering 
of  the  piece,  and  an  automatic  *'  scattering "  arrangement  has  been  added,  arrangement, 
which  can  be  put  in  gear  or  not,  as  required,  and  which  is  worked  by  the 
crank  which  moves  the  system.     Each  lock  can  be  taken  out  separately,  and 
replaced  by  a  new  one. 

300  to  400  rounds  per  minute  can  be  fired  from  this  mitrailleur,  and  two 
men  are  sufficient  to  serve  one  in  action. 

We  have  three  natures  in  our  service,  the  0'65-in.  and  two  of  0*45-in.  bore 
of  3  cwts.  and  200  lbs.  weight  respectively.* 

cwt.  qrs.  lbs. 
Weight  of  gxm         -  -  -  -  -      3    3    24 

„        carriage  and  limber  (empty)  -  -     12    2     13 

The  gun  has  10  steel  barrels,  rifled   on  the  Henry  principle,  fixed  in  a  Barrels, 
circle  round  a  centre  shaft  of  steel.    To  this  shaft  are  keyed  two  gun  metal 
discs,  through  one  of  which  the  muzzle  ends  of  barrels  pass,  while  their 
breech  ends  are  screwed  into  the  other.     Vide  Plate,  page  382. 

The  shaffc  itself  is  fixed  in  a  "gun  frame"  {aa.  Fig.  1)  of  wrought  iron.  Shaft, 
made  of  two  bars  connected   in  front  of  muzzles  by  a  curved  cross-piece 
(fi.  Fig.  1).    The  rear  ends  of  this  gun  frame  are  coimected  by  screws  to  a 
cast  iron  box,  or  "  breech  casinflr ''  (C,  Fig.  1),  which  contains  the  mechanism.  Breech  casing. 
In  this  casing  is  a  vertical  diaphragm,  through  which  the  shaft  passes  towards 
the  breech,  and  the  breech  end  of  the  casing  is  closed  by  a  ''  cascable  plate  "  Cascable  plate. 
(D,  Fig.  1)  of  cast  iron. 

Inside  the  casing,  upon  the  rear  end  of  the  shaft,  is  a  small  (pinion)  worm- 
wheel  (W,  Fig.  2),  which  gears  into  a  worm  (/,  Fig.  2)  on  a  crank  shaft  or 
spindle  {gg,  F'ig.  2),  which  passes  into  the  breech  casing  on  the  right  side,  and 
at  right  angles  to  the  main  shaft.  By  turning  a  crank  handle  secured  to  this 
spindle,  the  main  shaft  and  barrels  are  caused  to  revolve.  When  not  in  use 
tikis  handle  is  pushed  in  out  of  the  way. 

Fastened  by  screws  to  the  gun  frame,  is  a  "  pivot  block  "  of  gun  metal 
(p.  Fig.  3) ;  a  pivot  (P,  Fig.  3)  passes  through  this,  and  into  an  iron  trunnion 
plate  \ee.  Fig.  3),  and  upon  it  the  system  turns  when  lateral  spread  of  bullets 
18  required. 

The  trunnion  plate  has  projections,  or  trunnions,  on  which  the  system 
revolves  for  elevation,  and  is  secured  at  the  rear  end  by  a  bolt  and  nut  to  a 
locking  bolt  plate  which  fits  into  an  undercut  slot  in  bottom  of  breech 
casing. 

When  a  scattering  fire  is  required,  the  frame,  barrels,  &c.,  turn  on  this  Scattering  fire. 
"  block  "  through  the  required  arc  by  means  of  an  automatic  arrangement 
{AF,  Fig.  2)  worked  by  the  crank  handle  before  mentioned.     When  such  is  Concentrated 
not  required,  the  fire  is  concentrated  by  putting  this  arrangement  out  of  gear,  fire, 
and   preventing  any  transverse   movement   by  means  of  a  "  locking  bolt  "  Locking  bolt. 
{I,  Fig.  2)  let  down  into  a  slot  in  trunnion  plate  at  the  rear. 

On  the  main  shaft  in  rear  of  the  barrels  a  cast  iron  cylinder,  or  "  cartridge  Cartridge 
carrier  '*  {M,  Fig.  4)  is  fixed.    This  has  10  longitudinal  grooves,  corresponding  carrier, 
with  the  10  barrels.      A  gun  metal  cover,  or  "  hopper  "  (B,  Fig.  4),  hinged  Hopper, 
at    one    side,    drops    over    it.      The   cover  has  a  longitudinal    slot,   corre- 
sponding to  the  opening  in  the  "  feed  drum  **  f  (T,  Fig.  1),  which  rests  upon  Feed  drum, 
the  upper  surface  of  the  "  hopper."    As  each  column  is  exhausted,  the  drum  is 
turned  round  by  hand  until  the  next  one  corresponds  with  the  opening  in  the 

**  For  fall  description  as  to  lengths  of  barrel,  rifling,  &c.,  vide  Table  opposite, 
f  This  dram  is  of  metal,  flts  on  a  pin  (b.  Fig.  4)  in  centre  of  hopper,  and  contains 
240  cartridges,  in  16  perpendicular  columns  or  channels.     It  weighs,  when  fiilly.50  lbs. 
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hopper.  Through  this  slot  the  cavfcridges  drop  (as  the  shaft  revolves)  into  the 
sevenl  grooves,  ready  to  be  pushed  by  the  lock  plungers  into  the  barrels 
corresponding. 

In  rear  of  this,  and  inside  the  breech  casing,  is  placed  the  "  lock  chamber,"  Lock  chamber, 
which  is  keyed  to  and  revolves  with  the  main  shaft.    It  is  a  cylinder  of  cast- 
iion,  having  longitudinal  channels  through  which  the  ''  locks  "  pass. 

Upon  the  main  shaft,  again,  and  against  the  back  of  the  "  K)ck  chamber."  Locks, 
is  secured  a  cast  iron  "  rear  guide  nut,"  which  keeps  the  parts  firmly  together.  Bear  guide 
Hie  locks  rest  partly  upon  the  outer  circumference  of  this  nut ;  and  in  the  nuts. 
grooves  on  which  they  fit,  as  well  as  in  the  channels  in  the  lock  chamber,  are 
Bmall  slots,  in  which  run  studs  on  the  locks,  in  order  to  prevent  the  latter 
revolving  save  with  the  shaft. 

Inside  the  "  casing "  is  a  curved  gim  metal  plate,  or  cam,  by  means  of  Cam. 
which,  as  the  shaft  and  lock  chamber  revolve,  the  locks  themselves  are  pushed 
forward  or  back.    A  piece  of  steel  is  let  into  the  front  of  this  cam,  against 
which  the  butt  of  each  lock  bears  at  the  moment  the  barrel  is  fired. 

There  is  also  a  steel  cam,  called  a  cocking  ring,  which,  as  the  lock  chamber  Cocking  ring, 
revolves,  draws  back  and  then  releases  a  spiral  spring  acting  on  the  *'  firing  Firing  pin 
pin  "  or  needle  of  each  lock. 

The  Lock. 

The  lock  consists  of  a  steel  tube  or  ''  plunger,"  about  1  \i  ins.  long  the  lH>ck. 
front  end  of  which,  for  about  4  ins.,  is  smaller  in  diameter,  and  has  only  a 
pin  hole  running  through  it. 

The  remainder  is  hollow,  and  slotted  out  on  one  side.    Its  breech  end  is  Butt 
closed  by  a  steel  plug  or  "  butt,"  screwed  in. 

Inside  is  a  steel  bolt  or  ''  hammer,"  having  a  projection  at  the  side  which 
passes  through  the  slot  in  the  tube,  while  to  the  front  part  of  it  is  attached  a 
firing  pin  or  "  striker,"  of  steel. 

A  spiral  spring  is  placed  over  the  hammer,  being  retained  by  the  "  butt." 

To  the  outside  of  the  tube  or  lock  is  fixed  a  steel  extractor,  having  a  hook,  Extractor, 
which  seizes  the  rim  of  the  cartridge  and  draws  it  out  as  the  lock  is  being 
withdrawn. 

Sighting. 

There  are  two  sights,  a  fore  sight  and  tangent  sight.    The  former  is  a  plain  Sights, 
steel  sight  attached  to  the  gun  frame  on  the  right  side  at  the  muzzle,  and  the 
latter  is  a  plain  steel  bar  graduated  in  degrees  and  yards,  working  in  a  socket 
on  the  right  rear  side  of  the  breech  casing,  and  clamped  by  means  of  a  milled 
head  thumb  screw. 

The  0'45-in.  gun  is  sighted  with  a  tangent  and  fore  sight  up  to  2,400  yds. 
(8°  23^  elevation). 

Action. 

(Vide  Plate  facing  p.  384.) 

When  the  gun  is  in  action  five  cartridges  are  always  in  process  of  loading.  Action, 
and  five  are  in  different  stages  of  extraction.  Thus,  as  the  system  revolves, 
cartridges  drop  from  the  feed  drum  through  slot  in  the  hopper,  successively,  on 
the  10  grooves  in  cartridge  carrier ;  as  each  lock  comes  m  contact  with  the 
cocking  ring,  tbe  hammer  is  drawn  back  and  spring  compressed ;  further 
rotation  brings  the  lock  against  the  gun  metal  cam,  which  pushes  it  forward, 
driving  before  it  a  cartridge  from  the  carrier  into  its  particular  barrel.  The 
breech  is  thus  closed,  and  as  the  butt  comes  opposite  the  steel  plate  in  the  cam, 
the  cocking  ring  releases  the  spring,  and  the  needle  fires  the  cartridge.  The 
system  continues  to  revolve,  and  the  lock  now  being  drawn  back  within  the 
cnamber,  extracts  the  empty  cartridge  case  while  retreating,  and  the  latter 
fills  to  the  ground. 

The  following  table  give|  a  summurv  of  the  results  obtained  from  firing,  in 
competition,  the  pieces  mentioned.  The  practice  was  carried  on  by  Colonel 
Wray's  Committ^  in  August  and  Septemoer  1870 :— 
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APPENDIX  IV. 

Range  Tables  and  Trajectories. 

Bange  tables.  U,  knowing  the  M.V.  given  by  a  gun,  we  had  any  m&H^  of  aficertaining  witiil 

certainty  from  theoretical  considerations  what  would  be  the  exact  patii  do* 
scribed  by  its  projectile  through  the  air,  there  would  be  no  necessity  for  obtaining 
any  data  for  range  tables  as  we  now  do  with  each  natagbe  of  gun,  by  firing  a 
number  of  rounds  at  Shoeburyness.*  ^'- 

We  cannot,  however,  as  yet  determine  by  mere  calcmation  with  sufficient 
exactness  what  the  trajectory  of  a  given  piece  will  be,  although  when  the  angk 
of  elevation  is  small,  we  can  approximate  to  it  verv  nearly 

This  subject  of  trajectories,  nowever,  is  one  of  theoretiiKl  gunnery,  and  wiU 
be  found  treated  of  in  Captain  Sladen's  new  work.f 

In  order  to  make  ouite  certain  that  our  range  tables  a]:e  made  out  from  data 
obtained  under  conditions  analogous  to  those  whidi  prevail  on  service,  the 
following  method  is  pursued : — 
How  obtained.       ^  specimen  gun  of  the  new  nature  to  be  introduced  X  is  fired  at  Shoebury- 

ness  with  the  charge  and  projectile  as  settled  by  previous  exj^brimental  firing 
at  the  R.G.F.  Butts  and  elsewhere,  a  number  of  rounds  are  fired  at  a 
^ven  angle,  and  the  mean  range  carefully  measured ;  the  angle  of  elevation 
IS  then  changed  and  a  new  series  of  rounds  fired,  and  so  on ;  from  the  data  bo 
obtained  a  curve  is  then  constructed  as  shown  in  Plate  E.  at  end  of  the  book, 
where  the  practice  curve  of  a  38-ton  gun  with  a  charge  of  ISO  lbs.  of  powder 
and  800  lbs.  shot  is  given,  the  ordinates  representing  the  angles  of  elevation, 
and  the  abscissse  the  corresponding  ranges ;  by  means  of  this  curve  we  can, 
taking  any  angle  of  elevation,  at  once  obtain  the  range  corresponding  to  it  for 
that  particular  nature  of  gun,  or  vice  versd. 

In  a  similar  manner  are  obtained  the  times  corresponding  to  any  given  range 
for  that  gun,§  and  horn,  such  curves  the  range  tables  given  at  pp.  384-436  are 
constructed  by  interpolation. 

For  direct  fire  these  tables  give  us  most  of  the  information  we  require,  (| 
but  for  indirect  and  for  curved  fire  %  we  want  more  detailed  data,  including 
especially  the  angle  of  descent,  with  different  charges  and  elevation,  in  order  to 
know  the  facilities  given  by  our  guns  for  breaching  revetments,  &c.,  &c.,  when 
covered  by  glacis  or  otherwise,  or  for  throwing  our  shells  just  over  the  crest  of 
a  work. 

From  theoretical  considerations  we  can  find  the  angle  of  descent  from  the 
formula  of  Professor  H^lie,**  given  in  note  below,  or  by  the  mode  employed  by 
Professor  Bashforth,  vide  p.  63  of  his  work.  Vide  also  Captain  Sladen's  work 
already  mentioned. 

*  For  other  reasons  this  would  still  be  necessary  ou  account  of  consideratioon 
connected  with  carriage,  shape,  size,  strength  of  projectile,  &c.,  &c.,  and  angle  of 
deflection  for  tangent  sights,  &c.  ^ 

f  Principles  of  Gunnery  Rifled  Ordnance,  by  Captain  Sladen,  R.A.,  Professor  of 
Artillery,  R.  M.  Academy.  Vide  also  a  paper  by  Captain  Kensington,  R  A.,  Pro- 
ceedings R.A.I.,  Vol.  IK.,  Nos.  3  and  4. 

X  Or  of  an  existing  service  nature  fired  under  new  conditions  as  to  powder,  pro- 
jectiles, &c. 

§  As  top  clock  being  employed  for  ascertaining  the  time  of  flight  for  every  round  fired. 

II  And,  as  explain^  at  p.  832,  we  can  from  these  data  work  backwards,  and  obtain 
the  M.V.  if  necessary. 

%  Fire  with  full  charges  from  guns  is  termed  direct  fire,  with  reduced  charges 
indirect  fire,  while  fire  from  mortars  or  howitzers  or  from  guns  with  elevation  over 
15^  is  termed  high  angle  fire. 

♦*  Tan.  B  =  tangt.  (angle  of  descent)  =-7-^—5 —  +  -^ — = —  tan.  o, 
^    ^     ^  ^       y  cos^  a  ^  2  cos  »a 

Where  a  =  angle  of  elevation. 

X  «  range. 

^       ^^  \      0*025  for  1,200  f.s.  and  aboTol  v.»i.  .1.   _»  j        .      •. 
Z  =  *•  C)  =  0020  for  1,200  f.  s.  and  below  }  ^*^  elongated  projectiles. 

w 

b  —  0*00181  for  elongated  projectiles. 
R  s=  radius  of  projectile. 
W = weight  of  projectile. 


E  Ordnanck.* 


-7" 


Nntora  ol  Ordnaooe. 


llM.DtJ 


II}- 

in- 


R.  MdzzlB  Lo^dbbb. 

6-incli,«tonB(Eiii"'). 
lS'£-incli,SS1oiis. 
li-incii,  39  tODB. 
l^lnob,  2G  tons, 
ll-inch,  ts  tola. 


sthpr.,  E  tooa  converted. 


lc>rt.l 


;a  !!_s 


»-pr.,  18  owt,  Mart  1. 
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APPENDIX  VI.— Range  Tables. 


•Range  Table  fob  12* 5-inch  Rifled  M.L.  Gun  of  38  Tons. 

Based  on  Practice  of  20th  April  1876. 

Minutes 

Charge,  130  lbs.  P.  powder. 

Projectile,  Palliser  shell,  with  gas-check.   Weight  810  lbs.  6  oz. 


Mean  Elevation  doe  to  each  100  Yards  of  Range,  by  Interpolation. 

Distance  of 
Object. 

• 

a 
1 

Time  of 
Flight. 

Lengths  of 
Fuze. 

Distance  of 
Object. 

• 

1 

Time  of 
Flight. 

Lengths  of 
Fnxe. 

Distance  of 
Object. 

• 

g 

1 

Time  of 
Flight. 

Lengths  of 
Fnxe. 

yds. 
100 

0     8 

sees. 
0-23 

yds. 
2«600 

0       / 

4  18 

sees. 
6-46 

• 

yds. 
5,100 

SOO 

0  17 

0-46 

2,700 

4  30 

6-74 

5,200 

300 

0  26 

0-69 

2,800 

4  42 

7-02 

.'1,300 

400 

0  35 

0*92 

2,900 

4  54 

7-30 

5,400 

500 

0  44 

115 

3,000 

5     6 

7-58 

5,500 

600 

0  53 

1-38 

3,100 

5  18 

7-86 

5,600 

700 

1     1 

1-61 

3,200 

5  30 

8-14 

5,700 

800 

1  10 

1-85 

3,300 

5  42 

8-42 

5,800 

900 

1   19 

2-09 

3,400 

5  54 

8-70 

5,900 

1,000 

I  28 

2-33 

3,500 

6     6 

8-98 

6,000 

1,100 

1  38 

2-47 

3,600 

6  18 

9-26 

6,100 

• 

1,200 

1  48 

2-81 

3,700 

6  31 

9-54 

6,200 

1,300 

1  58 

305 

3,800 

6  44 

9-82 

6,300 

1,400 

2     8 

3-29 

3,900 

6  57 

10-10 

6,400 

1,500 

2  18 

3-53 

4,000 

7  10 

10-39 

6,500 

1,G00 

2  28 

3-78 

4,100 

7  23 

10-68 

6,600 

1,700 

2  38 

403 

4,200 

7  36 

10-97 

6,700 

1,800 

2  48 

4*28 

4,300 

7  49 

11-26 

6,800 

1,900 

2  59 

4-54 

4,400 

8     2 

11-55 

6,900 

2,000 

3  10 

4*80 

4,500 

8  15 

11*84 

7,000 

% 

2,100 

3  21 

507 

4,600 

8  29 

12'13 

7,100 

2,200 

3  32 

5-34 

4,700 

8  43 

12-42 

7,200 

2,800 

3  43 

5-62 

4,800 

8  57 

12-71 

7,300 

2.400 

8  54 

5-90 

4,900 

9  11 

13-00 

7,400 

2,500 

4     6 

6-18 

5,000 

9  25 

13-29 

7,500 

*  For  the  two  12-inch  gons  of  38  tons  (vide  p.  287) 
40159. 


special  range  tables  exist. 

CO 


*RAifar  TuLB  for  12>tiicH  Rifled  M.L.  GnH  of  35  Tons. 


Baaed  on  Practice  of  lOth  December  1872  and  27th  Febniwy  1873. 

Minute  30,658. 

Charge,  85  lbs.  Pebble. 

Fixgectile,  conunon  shell,  weighted  and  plugged.    Weight  618  lbs. 


Mwn  EteT»tion  due  to  «cl.  100  Y«d»  of  BMge, 
^j  iDterpotation. 

y^^^ 

o 

.1 

1 

■Si 

■5 

fl 

ii 

.1 

1 

•s 

h 

1 

i 

yd,. 

«c». 

ja«. 

tta. 

yds. 

Jd.. 

100 

0     9 

0-34 

S,600 

4  68 

SO 

1 

200 

17 

8.7*0 

900 

0  19 

0-48 

9,700 

G   IS 

09 

1-3 

SOO 

la 

3,915 

SOO 

Q  S9 

0-79 

9.800 

5  86 

38 

i 

395 

19 

3,046 

400 

0B9 

0-fl« 

9,900 

5  40 

S8 

a-5 

490 

90 

3.170 

BOO 

D  49 

I -BO 

3,000 

6  S4 

98 

3 

5BS 

91 

3,2»S 

600 

0  SB 

1-45 

3,100 

6     8 

sa 

3-5 

680 

88 

3.415 

700 

1    10 

i'70 

3,300 

6  33 

58 

4 

770 

38 

!,SSi 

800 

1  2! 

1-95 

3,300 

e  38 

88 

4-5        860 

S4 

8.653 

900 
1.000 

1   32 
1  48 

3-ao 

a -45 

3,400 

3,500 

6  XS 

7  8 

16 
49 

5       1     950 
5-5  1 1,040 

95 

5.775 

1,100 

1   M 

a-jo 

3.600 

7  33 

80 

6       1 1.135 

I.SOO 

a    5 

3-96 

3,700      7  3B 

11 

6-5  1  1.910 

1,300 

s  le 

3-23 

3,800 

7  S3 

49 

7       11,895 

1400 

a  37 

3-48 

3,M0 

s   e 

74 

7-5 

1,380 

i;ioo 

a  39 

3-74 

4.000 

8  34 

oe 

8 

1,460 

1,600 

a  61 

4-00 

4,100 

B  40 

38 

8-5 

1,540 

1,700 

3     8 

4-37 

4,300 

8  56 

71 

9 

1,690 

1,B00 

3  IS 

4-54 

4,300 

9  13 

04 

9-5 

1,700 

1,B0U 

3  ST 

4-81 

4.400 

9  38 

38 

10 

1,780 

8,000 

3  40 

5-08 

4.S00 

9  4S 

73 

11 

1,930 

8,100  1  a  63 

S-S7 

4,600 

13 

3,080 

a,ioo 

4     6 

S-65 

4.-00 

13       3,835 

a,3oo 

4   19 

5'93 

4.800 

14       a,S70 

9,400 

4  83 

683 

4,900 

15       3,510 

2.500 

4  45 

6-51 

5,000 

16     1 9,645 

1 

*  Vide  note  u  to  ezceptionkl  li-ineh  gnni,  p.  3 
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Range  Table  for  12-inoh  Rifled  M.L.  Gun  of  35  Tons. 


Based  on  Practice  of 

Minutes 

Chu^e,  110  lbs.  Pebble. 

Projectile,  Palliser  shell,  weighted. 


Weight,  700  lbs. 


Mean  Elevation  due  to  each  100  Yards  of  Range,  by  Interpolation. 

Dbtance  of 
Object. 

• 

1 

Time  of 
Flight. 

Lengths  of 
Fuze. 

Distance  of 
Object. 

1 

Time  of 
Flight 

Lengths  of 
Fuze. 

Distance  of 
Olject. 

• 

•1 

Time  of 
Flight 

Lengths  of 
Fuze. 

yds. 
100 

o     / 
0  10 

sees. 
0-25 

yds. 
2,600 

O        / 

4  28 

sees. 
6-32 

yds. 
5,100 

200 

0  19 

0-47 

2,700 

4  40 

6'60 

5,200 

300 

0  28 

0-69 

2,800 

4  52 

6-88 

5,300 

400 

0  87 

0-91 

2,900 

5     4 

7-17 

5,400 

500 

0  46 

114 

3,000 

5  16 

7-46 

5,500 

600 

0  55 

1-37 

3,100 

5  28 

7-75 

5,600 

700 

1     4 

1-60 

3,200 

5  40 

8-04 

1 

5,700 

800 

1   14 

1*83 

3,300 

5  52 

8-33 

5,800 

900 

1  24 

2-06 

3,400 

6     4 

8-62 

5,900 

1,000 

1  34 

2-29 

3,500 

6  16 

8-91 

6,000 

1,100 

1  44 

2-52 

8,600 

6  28 

9-20 

6,100 

1,200 

1  54 

2*96 

3,700 

6  40 

9-49 

6,200 

1,300 

2     4 

3-00 

3,800 

6  52 

9-78 

6,300 

MOO 

2  15 

3-24 

3,900 

7     4 

1007 

6,400 

1,500 

2  26 

3-48 

4,000 

7  17 

10-36 

6,500 

1,600 

2  87 

3-72 

4,100 

7  30 

10-66 

6,600 

1,700 

2  48 

3-96 

4,200 

7  48 

10-96 

6,700 

1,800 

2  59 

4*20 

4,300 

7  56 

11-26 

6,800 

1,900 

3  10 

4-44 

4,400 

8     9 

11-56 

6,900 

2,000 

3  21 

4-69 

4,500 

8  22 

11-86 

7,000 

2,100 

3  32 

4-95 

4,600 

8  35 

12-16 

7,100 

2,200 

8  43 

5-21 

4,700 

8  48 

12-46 

7,200 

2,300 

3  54 

5-48 

4,800 

9     1 

12-76 

7,300 

2,400 

4     5 

5-76 

4,900 

7,400 

2,500 

4  16 

6-04 

5,000 

7,500 

C  C  2 


Jtutat  Tablb  roR  12-inch  Rifled  H.L.  Gxm  or  25  Tom. 


Charge,  SO  Iba.  RX.G.  or  56  lbs.  P.  powder. 
Projectile,  common  Bhell. 


Ucu  SDmtioii  doa  to 

Dutaoce 

of 
Oldeet 

Elevrntioi.. 

Tine 

of 
Flight. 

Tcnlbi 

of 

Dirtioce, 

of        1  Eler«lioii. 
OHicct.    j 

Time 

of 
Flight. 

T<mb. 

of 
Foie. 

jiM. 

=       - 

.ec. 

ydi. 

.       , 

wea. 

IDO 

0     12 

ose 

3.100 

4     43 

S-94 

IS 

160 

— 

f 

9.900 

4     57 

B-aa 

900 

0    S4 

D-SG 

i,tss 

— 

— 

U 

300 

0     36 

0-83 

9.300 

5      13 

«-S6 

M5 

— 

— 

i 

9,400 

S     99 

6-87 

400 

0     48 

110 

S,4'0 

— 

_ 

IS 

490 

— 

_ 

S 

9,500 

5     45 

7-18 

soo 

1        0 

1-S7 

«,S60 

— 

— 

H 

600 

1      19 

1-64 

9,600 

6        1 

7-50 

6^ 

— 

_ 

4 

9,700 

6     17 

7-89 

TOO 

1      36 

I-9I 

S,7« 

— 

— 

n 

800 

I     39 

9-19 

9,800 

6    33 

814 

a»o 

— 

— 

s 

S^60 

— 

— 

19 

900 

1      S8 

9-45 

9,900 

G     SO 

8-46 

9ff5 

— 

— 

6 

3,000 

7      7 

8-78 

1,000 

2       5 

S-79 

3,005 

— 

— 

19 

1,100 

S      IS 

3  00 

3,100 

7     94 

9-10 

1,1S0 

— 

— 

7 

3,150 

_ 

— 

30 

i;ioo 

a   32 

3-88 

3,900 

7     41 

9'43 

1,300 

1     46 

3-S6 

S,395 

_ 

_ 

91 

1^10 

— 

— 

s 

3,300 

7     69 

9-78 

1,400 

S      0 

3-8S 

3.400 

8     17 

10-09 

'^70 

— 

— 

9 

3M0 

_ 

— 

a 

1,600 

s   u 

-fU 

3,500 

8    35 

10-43 

1,«» 

3    SS 

4'43 

3^0 

_ 

— 

83 

IfiM 

~ 

— 

10 

3,600 

8     64 

10-77 

1,700 

8   4a 

4-79 

3,-00 

9      13 

U-II 

'■7» 

— 

_ 

11 

3,7*0 

_ 

_ 

?J 

1,800 

3     ST 

s-oa 

3.B00 

9     39 

U-4S 

1,900 

4     13 

5-32 

3,900 

9     99 

11-80 

1.94.1 

— 

— 

IS 

4,000 

10      13 

19-16 

S.0O0 

4     2T 

5- S3 
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Range  Table  for  12-inch  Rifled  M.L.  Gun  of  25  Tons. 


Charge,  battering,  67  lbs.  RJLG.  powder. 
Projectile,  common  shell. 


Mean  Eleration  due  to  each  100  Yards  of  Range,  by  Interpolation. 


Distance 
of 

ElcTation. 

Time 
of 

Tenths 
of 

Distance 
of 

Eleyation. 

Time 
of 

Tenths 
of 

Otject. 

Flight. 

Fuze. 

Object. 

Flight 

Faze. 

yds. 

0      / 

sees. 

yds. 

0      / 

sees. 

100 

0     10 

0*25 

2,100 

4     12 

5-7 

14fi 

— 

1 

9,470 

— 

— 

14 

SOO 

0     21 

0-5 

2,200 

4     26 

6*0 

300 

0     32 

0-8 

2,800 

4     40 

6-3 

340 

— 

— 

2 

2^320 

— 

— 

45 

400 

0     43 

1-0 

2,400 

4     54 

6-6 

460 

— 

— 

3 

2A70 

— 

— 

16 

500 

0     54 

1-3 

2,500 

5       9 

6-9 

600 

1       5 

1-5 

2,600 

5     24 

7-2 

640 

— 

— 

4 

2,620 

— 

— 

i7 

700 

1     16 

1-8 

2,700 

5     89 

7-5 

800 

1     27 

2-1 

5 

9:770 

— 

— 

49 

900 

1     89 

2-3 

2,800    * 

5     54 

7-8 

960 

— 

— 

6 

2,900 

6       9 

8*2 

1,000 

1     51 

2*6 

2,945 

— 

— 

49 

1,100 

2       3 

2-9 

3,000 

6     24 

8-5 

i.iSO 

— 

— 

7 

3,060 

— 

— 

20 

1,200 

2     15 

3-1 

3,100 

6     40 

8*8 

i;^o 

^~" 

— 

$ 

3,200 

6     56 

9-1 

1,300 

2     27 

3-4 

3^05 

— 

— 

24 

1,400 

2     40 

3*7 

3,300 

7     12 

9-4 

i^lfiO 

— 

9 

3^330 

— 

— 

22 

1,500 

2     53 

4-0 

3,400 

7     28 

9-7 

ifilO 

— 

— 

iO 

3495 

— 

— 

23 

1,600 

3       6 

4-3 

3,500 

7     45 

10*0 

1,700 

-3     19 

4-5 

8,600 

8       1 

10-8 

Ul^ 

— 

— 

11 

3,640 

— 

— 

94 

1,800 

3     82 

4-8 

3,700 

8     17 

10-7 

ifilO 

— 

— 

42 

3,800 

8     34 

11-0 

1,900 

8     45 

6-1 

3,900 

8     51 

irs 

2,000 

8     58 

5-4 

4,000 

9       9 

11-7 

9fl90 

— 

— 

43 
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Range  Table  fob  12-inch  Rifled  MX.  Gun  of  25  Tons. 


Charge,  batteriDg,  SS  lbs.  P.  powder. 
Projectile,  PblUser. 


Mean  Elentioii  doe  to  each  100  Yards  of  Bange,  by  Interpolatioii. 

Distance 

of 
Object 

ElcTation. 

Time 

of 

Flight 

Lengths 
Fuse. 

Distance 

of 
Object 

Elevation. 

Time 

of 
Flight 

Lengdis 
of 

FOK. 

yds. 

o      / 

yds. 

o     / 

100 

0     7 

2,500 

4  58 

SOO 

0  15 

2,600 

5  12 

aoo 

0  28 

2,700 

5  26 

400 

0  81 

2,800 

5  40 

500 

0  39 

2,900 

6  54 

600 

0  48 

8,000 

6     8 

700 

0  58 

8,100 

6  22 

800 

1     9 

8,200 

6  36 

900 

1  20 

3,800 

6  50 

1,000 

1  32 

3,400 

7     4 

1,100 

1  44 

8,500 

7  19 

1,200 

1  57 

3,600 

7  34 

1,800 

2  10 

8,700 

7  49 

1,400 

2  24 

3,800 

8     4 

1,600 

2  38 

3,900 

8  19 

1,600 

2  52 

4,000 

8  34 

1,700 

3     6 

4,100 

8  49 

1,800 

3  20 

4,200 

9     4 

1,900 

3  34 

4,300 

9  19 

2,000 

8  48 

4,400 

9  34 

2,100 

4     2 

4,500 

49 

2,200 

4  16 

4,600 

10     4 

2,800 

4  80 

4,700 

0  19 

2,400 

4  44 

4,800 

10  84 

Ramob  Table  for  12-inch  Ritlxd  MX.  Gira  of  25  Toss. 


Cbai^  battering,  8S  Iba.  P.  powder. 
Pr<ijectile,  common  ehelL 


Ueu  Elevuioa  due  to 

Distance 

Time 

Tenths 

Distuiw 

Time 

Tenthi 

of 

Elevation. 

of 

of 

of 

of 

of 

OhjccL 

Flight. 

Faze. 

Objeel. 

Flight. 

Fuze. 

7<t«. 

^ 

yds. 

SMB. 

10') 

0     G 

2,600 

«3 

3,700 

4  56 

8-80 

aoo 

0  11 

0'4S 

SJ13 

16 

800 

0-67 

2,800 

5     9 

7-08 

37s 

^,S63 

17 

400 

0  £6 

0-89 

a.90o 

5  23 

7-36 

500 

0  35 

111 

3,000 

5  37 

7-65 

360 

3,0  rs 

IS 

600 

0  45 

1-B3 

3,100 

S  51 

7-95 

700 

0  56 

1-56 

3,160 

19 

740 

3,200 

8-3S 

800 

1      7 

1-80 

3,300 

6   19 

8-55 

ao 

900 

2-04 

3,400 

6  34 

8-es 

911 

— 

3.U0 

— 

— 

ai 

1.000 

1  29 

a-29 

3,500 

6  43 

9-16 

1,0S5 

3,5Sl> 

a 

1,100 

a-3* 

3,600 

7     4 

9-47 

MOO 

1  SI 

3,700 

7   19 

9-48 

I^SS 

3.7tS 

S3 

1,300 

2     3 

3-04 

3,800 

10-09 

1,*00 

!   14 

3-29 

3,930 

»4 

I^S 

3,900 

7  62 

10-40 

3,9S0 

as 

IfiM 

2  26 

S-S5 

1fi9S 

9 

4,000 

S     9 

10-71 

1,600 

3  38 

881 

8  36 

11-03 

1,700 

9  SO 

4-07 

i.HO 

S6 

1,760 

10 

4,200 

8  43 

11-35 

1,BOO 

8     3 

4'34 

.i,i35 

S7 

1,900 

8   14 

4-61 

4.300 

9     0 

11-67 

1,9m 

— 

- 

H 

4,360 
4,400 

9  17 

13-00 

ts 

a,ooo 

3  36 

4-88 

4,4SO 

« 

i,osu 

13 

a.ioo 

8  30 

S>t9 

4,500 

9  34 

13-33 

MOO 

a  51 

5-43 

18-66 

so 

«.»*> 

13 

4,700 

10    8 

13-00 

s^oo 

4     4 

5-69 

4,7eo 

31 

1400 

4  17 

5-S6 

u 

4,800 

10  35 

18-84 

4^33 

39 

2.S00 

4  30 

6-34 

SfitO 

- 

- 

IS 

396 


Bakoe  Tablk  for  ll-iNCH  Rifled  M.L.  Gun  of  25  Tons. 


Based  on  Practice  of  28th  May  1872. 
Minute,  30,326. 

Charge,  service,  60  lbs.  P.  powder. 
Projectile,  common  or  shrapnel  shell 


Mean  Elevation  due  to  etch  100  Tarda  of  Range,  by  Interpolation. 

Distance 

of 
Object 

Eleyation. 

Time 

of 

Flight 

Tenths 

of 
Foxe. 

Distance 

of 
Object 

yds. 
9,600 

Elevation. 

Time 

of 
Flight 

Tenths 

of 
Fose. 

yds. 
100 

o 

0 

18 

sect. 
0-28 

^^^ 

o 

6 

/ 
19 

seca. 
7-56 

17 

900 

0 

96 

0*56 

1 

9,700 

6 

85 

7-87 

18 

800 

0 

89 

0*84 

1-5 

9,800 

6 

51 

8*18 

18 

400 

0 

53 

1-19 

9 

9,900 

7 

7 

8-50 

19 

500 

1 

7 

1-40 

9*5 

3,000 

7 

23 

8*82 

20 

600 

1 

91 

1*68 

8-5 

8,100 

7 

39 

9*14 

700 

I 

85 

1-96 

4 

8,900 

7 

56 

9*46 

800 

1 

49 

9*94 

5 

8,800 

8 

13 

9-79 

900 

2 

8 

9*58 

5-5 

8,400 

8 

30 

10*  12 

1,000 

9 

17 

9-89 

6 

8,500 

8 

47 

10*45 

1,100 

9 

81 

811 

6-5 

8,600 

9 

4 

10'78 

i;8oo 

9 

45 

8*40 

7-5 

8,700 

9 

21 

11*11 

1,800 

8 

0 

3*69 

8 

8,600 

9 

38 

11*44 

1,400 

8 

15 

3*98 

9 

8,900 

9 

56 

11*78 

1,500 

8 

80 

4-27 

9*8 

4,000 

10 

14 

19-12 

1,600 

8 

45 

4-56 

10 

4,100 

10 

32 

19*47 

1,700 

4 

0 

4*85 

11 

4,200 

10 

50 

12*89 

1,800 

4 

15 

514 

11 

4,300 

11 

8 

18'17 

1,900 

4 

30 

5<43 

19 

4,400 

11 

26 

13*58 

9,000 

4 

45 

5*78 

13 

4,500 

11 

44 

13*89 

9,100 

5 

0 

6-03 

18 

4,600 

19 

9 

14*25 

9;800 

5 

15 

6*33 

14 

4,700 

19 

21 

14*61 

9,800 

5 

31 

6*63 

15 

4,800 

12 

40 

14*97 

9,400 

5 

47 

6*94 

15 

4,900 

12 

59 

15-35 

9,500 

6 

8 

7-25 

16 

397 


Rangv  Table  for  11-inch  Rifled  M.L.  Gun  of  25  Tons. 


Based  on  Practice  of  27th  June  1871. 
Minute,  29,397. 

Charge,  battering,  85  lbs.  P.  powder. 
Projectile,  Palliser  cored  shot. 


Mean  Elevation  due  to  each  100  Yards  of  Range,  bj  Interpolation. 

Distance 

of 
Object 

Elevation. 

Time 

of 
Flight. 

Tenths 

of 
Fuze. 

Distance 

of 
Object 

Elevation. 

Time 

of 
Flight. 

Tenths* 

of 
Foie. 

yds. 
100 

o        t 

0     12 

sees. 
0-24 

yds. 
2,500 

O          / 

4    43 

sees. 
6-61 

SCO 

0     22 

0-49 

2,600 

4     56 

6*91 

300 

0     32 

0-74 

2,700 

5     10 

7-21 

# 

400 

0     42 

0-99 

2,800 

5     24 

7-51 

500 

0     52 

1-24 

• 

2,900 

5     88 

7-81 

600 

1       2 

1-49 

3,000 

5     52 

8-11 

700 

1     12 

1-74 

3,100 

6       6 

8-41 

800 

1     22 

1-99 

3,200 

6     20 

8-72 

900 

1     32 

2-24 

8,300 

6     34 

9  08 

1,000 

1     43 

2-49 

3,400 

6     48 

9-34 

1,100 

1     54 

2-74 

3,500 

7       3 

9-65 

1,200 

2       5 

2-99 

3,600 

7     18 

9-96 

1,800 

2     16 

8*25 

8,700 

7     33 

10-28 

1,400 

2     27 

8*51 

3,800 

7     48 

10-60 

l/>00 

2     88 

8-78 

8,900 

8       3 

10-92 

1,600 

2     50 

4-05 

4,000 

8     19 

11-24 

1,700 

8       2 

482 

4,100 

8     35 

11-57 

1,800 

3     14 

4*60 

4,200 

8     51 

11-90 

1,900 

3     26 

4-88 

4,300 

9       7 

12-23 

2,000 

3     88 

516 

4,400 

9     23 

12-56 

2,100 

8     51 

• 

5-44 

4,500 

9     40 

12-89 

2,200 

4       4 

5-72 

4,600 

9     57 

13-22 

2,300 

4     17 

601 

4,700 

10  .14 

18-55 

2,400 

4     30 

6-81 

4,800 

10    81 

18-88 

398 


Raugs  Table  fob  IO-dtch  Rifled  M.L.  Guv  of  18  Tons. 


Charge  service,  40  lbs.  R.L.G.  or  44  lbs.  P.  powder. 
Projectile,  common  shell. 


Mtean  Eleration  due  to  etch  100  Yards  of  Bange,  by  Interpolation. 

Distance 
of 
Object 

Elevation. 

Time 

of 
Flight 

Tenths 

of 
Fuse. 

Distance 

of 
Oldect 

Eleration. 

Time 

of 
Flight 

Tenths 

of 
Fuse. 

j6m. 

o         / 

sect. 

yds. 

o          / 

sees. 

100 

0     13 

0*26 

2,200 

5     13 

6-56 

160 

— 

i 

2^05 

— 

— 

15 

aoo 

0     24 

0*54 

2,300 

5     30 

6*89 

300 

0     36 

0*82 

2^335 

— 

— 

16 

320 

— 

— 

2 

2,400 

5     47 

7'22 

400 

0     48 

1-10 

2465 

— 

— 

17 

4IS0 

— 

3 

2,500 

6       5 

7-56 

500 

1       1 

1*38 

2^95 

— 

— 

18 

600 

1     14 

1-67 

2,600 

6     23 

7-90 

6^ 

— 

— 

4 

2,700 

6     42 

8-24 

700 

1     27 

1*86 

9,7^3 

— 

— 

19 

7S5 

— 

— 

5 

2,800 

7       1 

8*58 

800 

1     41 

2-25 

2S50 

— 

— 

20 

900 

1     55 

2*54 

2,900 

7     21 

8*93 

930 

— 

6 

9,970 

— 

— 

2i 

1,000 

2       9 

2-88 

3,000 

7     41 

9-29 

IflSO 

— 

— 

7 

3,090 

^^ 

— 

22 

1,100 

2     23 

3-12 

3,100 

8       1 

9-65 

1,200 

2     37 

3*42 

3,200 

8     21 

10-02 

4^25 

— 

— 

& 

3^10 

— 

— 

23 

1,300 

2     51 

3*73 

3,300 

8     42 

10-39 

4,310 

— 

— 

9 

3^0 

— 

— 

U 

1,400 

3       6 

4-04 

3,400 

9       3 

10-76 

1,600 

3     21 

4-35 

3,443 

— 

— 

25 

l^iS 

— 

— 

10 

3,500 

9     25 

11-14 

1,600 

3     36 

4*66 

3,560 

— 

— 

26 

1fi55 

— 

— 

11 

3,600 

9     47 

11-52 

1,700 

3     51 

4'97 

3,675 

— 

— 

97 

4y795 

— 

— 

12 

3,700 

10       9 

11*90 

1,800 

4       7 

5-28 

3,790 

— 

— 

28 

1,900 

4     23 

5-60 

3,800 

10     32 

12-29 

1,935 

— 

— 

13 

3,900 

10     56 

12-68 

99 

2,000 

4     39 

5-92 

4,000 

11     21 

13*08 

9,070 

— 

— 

14 

4,010 

— 

— 

30 

2,100 

4     56 

6*24 

Bakqs  Tabu  fob  IO-isch  Rifled  M.L.  Gitn  of  18  Tons. 


Charge,  battering,  6Q  Hm.  RX.G.  powder. 
Projectile,  Pallieer. 


HMDElBTBtioildaelo 

«aeli  100  TMd.  of  iUage,  bj  lot. 

»poUtion 

DuUnce 
of 

oyect 

Time 

of 
Fiight. 

"If 

Fuze. 

DisUnce 

of 
Otgect. 

BleraCion. 

■nine 

of 
Flight. 

Fue. 

ydi. 

.  , 

*ec(. 

yd.. 

100 

0     e 

0 

30 

1,100 

aoo 

0     IB 

0 

43 

2,200 

300 

0    iS 

0    88 

0 

87 
91 

>,300 
2,400 

ftOO 

0     48 

15 

2,S00 

600 

0     S8 

40 

S.600 

700 

1        8 

65 

2,700 

800 

1      18 

91 

9,800 

90(1 

1     29 

17 

2,900 

1,000 

1      40 

43 

8,000 

100 

1      31 

69 

8,100 

aoo 

2       3 

96 

3J(00 

300 
400 

1     13 

3     25 

23 

50 

1,300 
3,400 

SOO 

2     3T 

77 

3,500 

600 

S     4S 

05 

3,600 

700 

3        1 

38 

3,700 

800 
900 

3     2S 

61 

BO 

3,S00 
3,900 

000 

3     38 

19 

4,000 

400 


Rakge  Tablb  fob  10-ihgh  Rifled  BLL.  Gun  of  18  Toks. 


Qiarge,  bftUeringy  70  lbs.  P.  powder. 
PktrjectQey  Fdlifer. 


Mean  EfefmtioD  dne  to  cftch  100  Tardi  of  Baoge,  bj  IntenK^atioo. 

1 
Bktenoe 

of 

04«et 

Elermdon. 

lime 
of 

Lengths 
Fnie. 

Dietanee 

of 
Oljeet. 

EleratioB. 

Tiiiie 
of 

Fli^ 

T^engtlw 
Fue. 

ydi. 

o      / 

yd.. 

O        t 

100 

0    6 

9,500 

4  97 

soo 

0  18 

9,600 

4  40 

900 

0  99 

9,700 

4  54 

400 

0  81 

9y800 

5     8 

MO 

0  40 

9,900 

5  99 

aoo 

0  49 

3,000 

5  86 

700 

0  58 

3,100 

5  50 

800 

1     7 

8,900 

6     4 

900 

1   16 

8,800 

6  18 

1,000 

I  96 

8,400 

6  89 

1,100 

1  86 

8,500 

6  46 

1,S00 

1  47 

8,600 

7     0 

1,800 

1  58 

8,700 

7  14 

1,400 

9     9 

3,800 

7  98 

1,500 

9  91 

8,900 

7  42 

1,800 

9  39 

4,000 

7  56 

1,700 

2  45 

4,100 

8  16 

1,800 

2  57 

4,900 

8  94 

1,900 

8     9 

4,800 

8  88 

9,000 

8  29 

1 

4,400 

8  59 

• 

2,100 

8  85 

4,500 

9     6 

8,900 

8  48 

4,600 

9  90 

9,800 

4     1 

4,700 

9  84 

9^400 

4  14 

4,800 

9  48 

Kanqk  Table  >-ob  IO-imcb  Rifled  MX.  Gvs  or  18  Tons. 


Charge,  battering,  70  lbs.  P.  powder. 
Projectile,  common  shell. 


Mean  dention  doe  to 

DiibDce 

Tme 

Tenthi 

DiHancf, 

Time 

Teathi 

of 

Elevation. 

of 

of 

of 

of 

of 

OI(|«ct. 

Fii, 

Ebt. 

Fiue. 

Olijea. 

FU^t. 

Fue. 

^.. 

c». 

jdi. 

KCt. 

100 

0     9 

0-as 

3,500 

4  35 

6-55 

170 

8,370 

16 

auo 

0  18 

so 

8,600 

4  4B 

6 

85 

800 

0  37 

75 

9,700 

5     1 

7 

15 

a45 

8 

9,713 

n 

400 

0  86 

00 

3,800 
SfiSS 

5  15 

7 

45 

19 

600 

0  46 

S5 

3,900 

5  39 

7 

75 

3*3 

3 

S.99a 

19 

600 

0  56 

50 

683 

4 

8,000 

5  43 

8 

05 

700 

1      6 

7S 

8,100 

S  57 

8 

85 

800 

1    16 

DO 

3,130 

80 

SSS 

a 

slsoo 

6  la 

66 

900 

I    36 

as 

3^63 

6  37 

8 

98 

8/ 

1,000 

1  a? 

51 

3,400 

6  43 

9 

80 

8$ 

ffiSS 

6 

1,100 

1  48 

77 

8,500 

6  57 

9 

6a 

*,*9J 

7 

3fi3Q 

93 

1,800 

03 

3,800 

7  la 

9 

94 

1,«00 

a  10 

39 

3fi60 

«4 

1,353 

S 

8,700 

7  38 

10 

37 

1,400 

9  SI 

SS 

3^SS 
3,800 

7  44 

10 

60 

83 

WOO 

a  ss 

81 

8.900 

8    0 

10 

94 

i^lS 

9 

SfilO 

86 

1,600 

a  44 

07 

ffi7S 

4,000 

e  16 

39 

1,700 

a  S6 

83 

4.030 

87 

1,800 

3   e 

GO 

4,100 

8  sa 

11 

64 

ijSgS 

4.130 

eff 

1,900 

3  ao 

87 

4,300 

8  48 

11 

99 

*,975 

~ 

- 

ia 

4^0 

4,800 

9    5 

13 

35 

89 

S,000 

8  33 

IS 

4^5 

30 

a,ioo 

3  44 

4,400 

9  3a 

la 

71 

e,is3 
a,2oo 

3  56 

71 

IS 

4,500 

9  39 

13 

07 

31 

«,«7J 

u 

*,600 

9  57 

18 

44 

s,3oa 

4     9 

99 

4,615 

39 

2,400 

4  33 

S-3T 

4,700 

10  IS 

18 

81 

*4M 

■ 

"" 

IS 

4,785 
4,800 

10  83 

14 

18 

33 

4fi33 

H 

RufOI   TlALE   FOB  9-lIICH   BiFLKD  M.L.   GuK  < 


Charge,  80  lbs.  B.L.6.  powder. 
Projectile,  common  sfaaU. 


■ 

JKnxnce 

'Hme 

Tentha 

DiMuce 

Time 

Tenths 

of 

QentioD. 

of 

of 

of 

Elevttion. 

of 

of 

0««ct. 

Flight. 

FUM. 

Object. 

Right 

Fn«. 

jiM. 

.  . 

sees. 

yd*. 

««. 

100 

0     II 

0-30 

2J00 

i      0 

6- 07 

16a 

_ 

— 

i^90 

— 

— 

'■i 

MO 

0    i3 

0-i7 

a,30o 

5      IS 

6-37 

SOD 

0   s& 

0-84 

8.400 

5     80 

6-68 

asjs 

— 

— 

S,i3S 

— 

~ 

ts 

400 

0    47 

1-11 

8,500 

9     4S 

6-99 

SOO 

1        0 

1-38 

i.SSO 

— 

— 

16 

(00 

1      18 

1-68 

8,800 

G       0 

7-30 

670 

_ 

— 

8,700 

6     IS 

7-68 

TOO 

1    a« 

1-93 

a,7S0 

— 

_ 

n 

BOO 

1     99 

9-19 

8,800 

fl    30 

7-94 

ssa 

_ 

ajS6o 

_ 

— 

/? 

MO 

1      SI 

3'4e 

8,900 

6     46 

8-86 

1.000 

s     e 

a-T8 

3,000 

7     a 

8-53 

19 

1,100 

a   10 

300 

S,100 

7      18 

S-BO 

l.i'O 

— 

— 

3,140 

— 

— 

ao 

1.800 

>     S4 

a-s7 

3,800 

7     34 

9-83* 

tJKO 

S    48 

3-54 

S^O 

— 

— 

SI 

iAM 

— 

— 

3,300 

7   ai 

9'se 

l.*00 

3      1 

3-81 

3,400 

8      8 

9K0 

1,S00 

3     16 

408 

3410 

— 

— 

i2 

tfiOS 

_ 

— 

3,aoo 

3     8S 

10-24 

1,600 

3     30 

4-39 

afi40 

— 

— 

aj 

*,M5 

_ 

— 

to 

3,600 

8    48 

10-58 

1,700 

3    4a 

4-63 

9fi7S 

— 

— 

a 

1,800 

4       0 

4-91 

3,700 

8     S» 

10-92 

IfiV 

_ 

— 

'' 

8,800 

9     16 

11-26 

1,900 

4      \b 

5-ao 

afi05 

— 

— 

iS 

*,9S0 

— 

— 

/* 

8.900 

9     84 

11-63 

S,000 

4     30 

5-49 

3S30 

— 

— 

S6 

8,100 

4     45 

5-78 

4,000 

9     58 

18-01 

a,iss 

- 

" 

13 

4.0+j 

" 

~ 

S7 

*  Uaiiti  of  pieaent  ftuc. 


Rakoe  Table  vor  9<imch  BmsD  ALL.  Gvn  or  12  Toms. 


Charge,  battering,  43  lbs.  B.L.G.  powder. 
Projectile,  Palliser  or  Common  ehelL 


Mom  Eleyatum  due  to  euh  100  Taidi  otBAOge,  b;  InterpoIuloD. 

Distance 

of 
Oldect. 

EleTB[]0D. 

■nme 

of 
Flight 

TenUis 

of 
Foie. 

Distance 
of 

Olyect. 

Etevation. 

■Hme 
of 

Flight. 

Ten  lb* 
of 

FUM. 

yd.. 

sees. 

yd.. 

0           , 

UCB. 

IW 

0       9 

0 

22 

3,000 

3     41 

522 

900 

0     18 

0 

45 

SfiSS 

- 

— 

11 

aos 

— 

- 

1 

3,100 

3     5S 

5-51 

300 

0    ae 

66 

3,200 

4      a 

6-81 

ia 

■400 

0     SB 

92 

3,300 

4     34 

6-11 

410 

— 

- 

e 

2^0 

— 

— 

13 

500 

0     48 

16 

3,400 

4     89 

6-41 

600 

0    5e 

40 

2,500 

4     55 

6-72 

680 

— 

- 

3 

e^o 

— 

— 

14 

700 

1        8 

65 

2,600 

S      U 

7-03 

800 

1      18 

90 

S.6S5 

— 

IS 

sao 

— 

- 

■J 

3,700 

S     27 

7-35 

900 

1     28 

16 

3,800 

5     43 

7-67 

1,000 

1      39 

43 

S,S35 

— 

— 

in 

1,005 

— 

- 

s 

3,900 

5     59 

7.99 

1,100 

1      50 

70 

S,990 

— 

— 

17 

*,«J 

— 

- 

6 

8,000 

6      15 

8-31 

1,SOO 

3        1 

97 

3,100 

6     31 

8-63 

1,300 

i    \s 

34 

3,140 

— 

— 

ts 

1^60 

— 

- 

7 

3,300 

G     47 

8-95 

l.HOO 

2     23 

3 

93 

3^90 

— 

— 

19 

1.600 

9     35 

80 

3,300 

7     a 

9-98 

1,S30 

_ 

_ 

S 

3,400 

7      19 

S-61 

1.600 

3     48 

08 

S,435 

— 

— 

90 

1,700 

3        1 

36 

3.500 

7     85 

S'94 

»,7W 

I, BOO 

3      14 

64 

9 

3,fi00 
3.700 

e    9 

10-27 
10-61 

ffiro 

— 

- 

10 

3,800 

8     36 

10-95 

1,900 

8     37 

t 

93 

3,900 

8     43 

11-31 

4,000 

9       0 

11-67 

404 


Rakok  Table  fob  9-ihgh  Rifled  M.L.  Gun  of  12  Toif& 


Charge,  battering,  50  lbs.  P.  powder. 
Projectile,  Palliser  or  common  shelL 


MeanElerat 

Urn  doe  to  each  100  Yards  of  Baoge,  by  Interpolatioii. 

Diitanoe 

Time 

Tenth* 

Distance 

Time 

Tenths 

of 

Eleyation. 

of 

of 

of 

ElcTation. 

of 

of 

O^eet 

Flight 
sees. 

Fuse. 

Olject 

FUght 

Foae. 

yds. 

o      / 

yds. 

o      / 

sees. 

100 

0     6 

0*23 

2,600 

4  89 

6*90 

iS5 

_^ 

1 

2,700 

4  58 

7-22 

aoo 

0  18 

0-46 

2,705 

— 

— 

16 

800 

0  21 

0-69 

2,800 

5     8 

7-54 

370 

^^ 

— 

2 

2^40 

— 

— 

17 

400 

0  29 

0-92 

2,900 

5  28 

7-86 

2,970 

— 

— 

18 

500 

0  87 

1-15 

550 

_^ 

3 

8,000 

5  88 

8-18 

600 

0  46 

1-89 

8,100 

5  58 

8*50 

19 

700 

0  55 

1*63 

8,200 

6     8 

8-82 

790 

.^ 

— -. 

4 

3^230 

— 

—^ 

20 

800 

1     4 

1-87 

8,800 

6  28 

9*15 

900 

1  13 

2*11 

3^360 

— 

— 

21 

910 

^ 

— 

5 

8,400 

6  89 

9*48 

3A90 

— 

— 

49 

1,000 

1  28 

2*36 

U090 

6 

8,500 

6  55 

9*81 

1,100 

1  88 

2-61 

8,600 

7  11 

10*14 

1,200 

1  44 

2-87 

3fi20 

— 

^— 

23 

1^0 

— 

— 

7 

8,700 

7  27 

10-47 

1,800 

1  55 

813 

3,750 

•^ 

94 

1,400 

2     6 

3-40 

8,800 

7  48 

10-81 

1M0 

^— 

— 

S 

3,9^ 
3,900 

8     0 

11-15 

25 

1,500 

2  17 

3-67 

1,600 

2  28 

3-95 

4,000 

8  17 

11*50 

,_  ^ 

IfiiO 

— 

— 

9 

4.010 

^"* 

— 

96 

1,700 

2  40 

4-23 

4,100 

8  34 

11-85 

1y7^ 

^— 

10 

4,140 

— 

^ 

97 

1,800 

2  52 

4*51 

4,200 

8  51 

12*20 

1,900 

8     4 

4-80 

4,265 

— 

^— 

2S 

1,94S 

.^ 

-_ 

11 

4,800 

9     9 

12-55 

4^90 

— 

^— 

99 

2,000 

8  17 

5-09 

4,400 

9  27 

12-91 

2,100 

8  80 

5-88 

12 

2,200 

8  48 

5-68 

4,500 

9  45 

13-27 

S,260 

13 

4f5i5 

— 

— 

SO 

2,800 

8  57 

5-98 

4,600 

10     3 

13-63 

2,400 

4  11 

6*28 

4,640 

— • 

31 

a^iu 

^^^ 

— 

14 

4,700 

10  21 

18-99 

4J65 

— 

-- 

92 

2,500 

4  25 

6-59 

4,800 

10  89 

14*36 

9/560 

15 
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Range  Table  for  8-inch  Rifled  M.L.  Gun  of  9  Tons. 


Charge,  20  lbs.  R.L.6.  powder. 
Projectile,  common  shell. 


Mean  Elevation  due  to  each  100  Yards  of  Bange,  by  Interpolation. 

Distance 

of 
Object. 

Elevation. 

Time 

of 
Flight. 

Tenths 

of 
Fuze. 

Distance 

of 
Object. 

Elevation. 

Time 

of 
Flight. 

Tenths 

of 
Fuze. 

yds. 
100 

0       / 
0     10 

sees. 
0-27 

yds. 
2,200 

0      / 
4     58 

sees. 
6-64 

1^0 

— 

1 

2^55 

— 

— 

15 

200 

0     21 

0-55 

2,300 

5     15 

6-98 

300 

0     33 

0-84 

2,3^5 

— 

— 

16 

330 

2 

2,400 

5     32 

7-32 

400 

0     45 

1-13 

2,500 

5     49 

7-66 

y^5 

3 

2,520 

— 

17 

500 

0     57 

1-42 

2,600 

6       7 

8-00 

600 

1        9 

1-71 

2,655 

-.. 

1^ 

640 

4 

2,700 

6     25 

8-35 

700 

1     21 

2-01 

2,7S0 

— 

19 

795 

— 

5 

2,800 

6     43 

8-70 

800 

1     33 

2-31 

2,900 

7       2 

9-05 

900 

1     46 

2-61 

2,910 

— 

20 

9/t5 

— 

6 

3,000 

7     21 

9-41 

1,000 

1      59 

2-91 

3,035 

21 

1,095 

7 

3,100 

7     40 

9-78 

1,100 

2      12 

3-21 

3,160 

— 

22 

1,200 

2     26 

3-51 

3,200 

7     59 

10-15 

1,QVj 

— 

^ 

3,280 

«^^M 

23 

1,300 

2     40 

3-81 

3,300 

8     19 

10'53 

1^393 

9 

3,395 

— 

t>4. 

1,400 

2     54 

4-11 

3,400 

8     39 

10-92 

1,500 

3       8 

4-41 

3,500 

8     59 

11-31 

1,530 

— 

— 

10 

3,515 

25 

1,600 

3     23 

4-72 

3,600 

9     19 

11*70 

1y695 

— 

11 

3,630 

26 

1,700 

3     38 

5-03 

3,700 

9     39 

12-09 

1,800 

3     54 

5-35 

3,745 

— 

S7 

1^35 

— 

12 

3,800 

9     59 

12-48 

1,900 

4      10 

5-67 

3,fS60 

— 

2S 

iy975 

— 

13 

3,900 

10     20 

12-88 

2,000 

4     26 

5-99 

3,975 

— 

29 

2,100 

4     42 

6-31 

4,000 

10     42 

13-26 

2,115 

U 

4,0fi5 

— 

— 

30 

40152. 


D  D 


400 


Rakoe  Table  fob  8-inch  Rifled  M.L.  Gun  of  9  Tons. 


Based  on  Practice  of  1867. 

Minates  21,734  and  21,795. 

Charge,  battering,  30  lbs.  R.L.G.  powder. 

Projectile,  Palliser  or  common  shell. 


Mean  Elevation  due  to  each  100  Yards  of  Range,  by  Interpolation. 


Distance 

of 

Object. 

1 
Elevation.  > 

Time 

of 
Flight. 

Tenths 

of 
Fuze. 

Distance 

of 
Object. 

Elevation. 

Time 

of 
Flight. 

sees. 

1 
Tenths 
of 

j    Fuze. 

1 

yds. 
100 

O            / 

0      9 

sees. 
0-25 

yds. 

o           / 

12 

i90 

— 

— 

i 

2,100 

3     46 

5-83 

SOO 

0     18 

0-51 

S,i73 

— 

— 

13 

300 

0     27 

0-77 

2,200 

4       0 

6-14 

360 

— 

2 

2,300 

4     16 

6-45 

400 

0     36 

103 

^^320 

— 

14 

500 

0     45 

1*30 

2,400 

4     28 

6*77 

530 

— 

— 

3 

9^65 

— 

— 

15 

600 

0     55 

1-57 

2,500 

4     42 

7-10 

700 

1       5 

1*84 

4 

2,600 

4     57 

7-43 

800 

1      15 

2-11 

2,605 

— 

— 

16 

6S0 

— 

5 

2,700 

5     12 

7-76 

900 

1     26 

2-39 

^,7-;^ 

— 

— 

17 

1,000 

1     37 

2-67 

2,800 

5     27 

810 

ifi/iO 

— 

— 

6 

2,(fS0 

_ 

— 

iS 

1,100 

1     48 

2'95 

2,900 

5     42 

8-45 

1,300 

I     59 

3-23 

3,000 

5     58 

8-80 

i^iO 

— 

— 

7 

3,010 

— 

— 

19 

1,300 

2     10 

3-51 

3,100 

6     14 

915 

i,380 

S 

3,150 

— 

20 

1,400 

2     21 

3-79 

3,200 

6     30 

9-50 

1,500 

2     33 

4-07 

3,300 

6     47 

9-86 

ifiSO 

9 

3,400 

7       4 

10*22 

1,600 

2     45 

4-35 

3,500 

7     21 

10-59 

1,700 

2     57 

4-63 

3,600 

7     38 

ID -96 

1>7iO 

— 

iO 

3,700 

7     55 

11-33 

1,800 

3       9 

4-91 

3,800 

8     12 

11-70 

1.S70 

"" 

11 

3,900 

8     30 

12-08 

1,900 

3     21 

5-21 

4,000 

8     12 

12-48 

2,000 

3     83 

5-52 
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Range  Table  for  8-iNcn  Rifled  M.L.  Gun  of  9  Tons. 


Charge,  battering,  35  lbs.  P.  powder. 
Projectile,  Palliser  or  common  shell. 


1 

Mean  Elevation  due  to  each  100 

1 

Time     \  Tenths  | 

Yards  of  R 

ange,  by  Interpolation. 

) 

Distance 

Distance 

Time 

Tenths 

of 

Elevation. 

of 

of 

of 

Elevation. 

of 

of 

Object. 

Flight. 

Fuze. 

Object. 

Flight. 

Fuze. 

yds. 

0    t 

sees. 

yds. 

0    / 

sees. 

100 

0     6 

0-23 

2,600 

4  52 

7-07 

ISO 

1 

2,610 

— 

— 

16 

200 

0   13 

0-40 

2,700 

5     7 

7-38 

300 

0  22 

0-69 

2,745 

— 

17 

S60 

— - 

0 

^0 

2,800 

5  22 

7-69 

400 

0  31 

0-92 

2S75 
2,900 

5  38 

8-00 

IS 

500 

0  40 

1*16 

340 

3 

3,000 

5  54 

8-32 

600 

0  49 

1-40 

3,003 

19 

700 

0  59 

1-65 

3,100 

6  10 

8-64 

7/5 

— _ 

A 

3,133 

— 

20 

800 

1     9 

1-90 

3,200 

6  26 

8-97 

Sfi'3 

5 

3,263 

21 

900 

1    19 

215 

3,300 

6  42 

9-30 

3^93 

— 

22 

1,000 

1   29 

2*41 

3,400 

6  58 

9-63 

1,033 

6 

1,100 

1  39 

2-07 

3,500 

7  14 

9-96 

1,200 

1   50 

2-94 

3^23 

— 

23 

i,223 

— 

— 

/ 

3,600 

7  30 

10-29 

1,300 

2     1 

3-21 

3,633 

24 

1.S93 

V 

3,700 

7  46 

10-62 

1,400 

2   12 

3-49 

3,7ff3 
3,800 

8     2 

10-95 

23 

1,500 

2  23 

3-77 

3,900 

8   18 

11-29 

1,333 

— 

9 

3,9/3 

26 

1,600 

2  34 

4-05 

1,700 

2  40 

4-34 

4,000 

8  34 

11*63 

IJt^ 

10 

4,043 

27 

1,800 

2  59 

4-63 

4,100 

8  51 

11-98 

i,^7o 

— 

11 

4,170 

— 

— 

29 

1,900 

3   12 

4-92 

4,200 

9     8 

12-33 

4,293 

— 

29 

2,000 

3  20 

5-22 

4,300 

9  25 

12-68 

^,030 

12 

4,400 

9  42 

13-04 

2,100 

3  40 

5-52 

4A^0 

— 

30 

2,1fS0 

13 

2,200 

3  54 

5-83 

4,500 

9  59 

13-40 

2,300 

4     8 

6-14 

4.343 

31 

^,330 

— — 

— 

14 

4,600 

10  17 

13-76 

2,400 

4  22 

0-45 

4,663 

— 

32 

^r^/O 

— . 

— 

13 

4,700 

10  35 

1413 

4.7^5 

— 

33 

2,500 

4  37 

6-76 

4,800 

10  53 

14*50 

DD  2 
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Rakgs  Table  for  7-inch  Rifled  MJL  Gun  of  7  Tons. 


Charge,  14  lbs.  B.L.G.  powder. 
Projeciile»  common  shell. 


Mean  Eleration  dae  to  eack  100  Tarda  of  Range. 

1 
Distance 

of 
Object. 

ElcTation. 

Time 

of 
Flight 

Lengths 

of 

Foxe. 

Distance 

of 
Objeet. 

Elevation. 

Time 

of 
FUghL 

Length? 

of 

Fnie. 

yds. 

o      / 

secR. 

ins. 

yds. 

o    » 

sees. 

int*. 

100 

0  11 

0-28 

005 

2,500 

5  46 

7-32 

1-70 

SOO 

0  21 

0*56 

-0-15 

2,600 

6     3 

7-64 

1-75 

300 

0  32 

0-84 

0-20 

2,700 

6  20 

7-96 

1*85 

400 

0  43 

1-12 

0-S5 

2,800 

6  38 

8-28 

1-90 

500 

0  54 

1-40 

0-80 

2,900 

6  56 

8-60 

2-00 

600 

1     5 

1*68 

0-40 

3,000 

7  14 

8-93 

700 

1   16 

1-96 

0*45 

3,100 

7  32 

9-26 

800 

1  28 

2-24 

0-50 

3,200 

7  50 

9-59 

900 

1  40 

2-52 

0-60 

3,800 

8     8 

9-93 

1,000 

1  53 

2-80 

0-65 

3,400 

8  26 

10-27 

• 

1,100 

2     6 

3-08 

0-70 

3,500 

8  44 

1,200 

2  20 

3-37 

0-80 

3,600 

9     2 

1,800 

2  34 

8-60 

0-85 

3,700 

9  20 

1,400 

2  49 

3-95 

0-90 

3,800 

9  38 

1,500 

3     4 

4-24 

1-00 

3,900 

9  57 

1,600 

3  20 

4-53 

1-05 

4.000 

10  16 

i,700 

3  36 

4-83 

1-10 

4,100 

10  35 

1,800 

3  52 

513 

1-20 

4,200 

10  54 

1,900 

4     8 

5-44 

1-25 

4,300 

11   14 

2,000 

4  24 

5-75 

1-30 

4,400 

11  34 

2.100 

4  40 

6-06 

1-40 

4,500 

11   54 

2^00 

4  56 

6-37 

1-45 

4,600 

12  15 

2,300 

5  12 

6-68 

1-55 

4,700 

12  86 

2,400 

5  29 

7-00 

1-60 

4,S00 

12  57 

409 


Range  Table  fob  7-inch  Rifled  M.L.  Gun  of  7  Tons. 


Charge,  22  lbs.  R.L.G.  powder. 
Projectile,  common  sheU. 


Mean  Elevation  due  to  each  100  Yards  of  Range,  by  Interpolatioi 

1. 

Distance 

of 
Object. 

Elevation. 

Time 

of 

Flight. 

Lengths 

of 

Fuze. 

Distance 

of 
Object. 

Elevation. 

1 

Time 

of 
Flight 

Lengths 

of 

Fuze. 

yds. 

O        / 

sees. 

ins. 

yds. 

o       / 

sees. 

ins. 

100 

0     5 

0-25 

0-05 

2,500 

4  16 

6-50 

1-55 

200 

0  11 

0-47 

0-10 

2,600 

4  30 

6-81 

1*65 

300 

0  18 

0-69 

0-15 

2,700 

4  45 

7-13 

1-70 

400 

0  25 

0-91 

0-20 

2,800 

5     0 

7-45 

1-80 

500 

0  33 

1-14 

0-25 

2,900 

5  15 

7-77 

1-85 

600 

0  41 

1-37 

0-35 

3,000 

5  30 

8-09 

1-95 

700 

0  49 

1-60 

0*40 

3,100 

5  45 

8-41 

2*00 

800 

0  58 

1-84 

0-45 

3,200 

6     0 

8-73 

900 

1     7 

2-08 

0-50 

3,300 

6  15 

9-05 

1,000 

1   16 

2-32 

0-55 

3,400 

6  30 

9-37 

1,100 

1  26 

2-57 

0-60 

3,500 

6  46 

9-69 

1,200 

1  36 

2-82 

0-70 

3,600 

7     2 

1,300 

1  46 

3-08 

0-75 

3,700 

7  18 

1,400 

1  57 

3*34 

0-80 

3,800 

7  35 

1,500 

2     8 

3-60 

0-85 

3,900 

7  52 

1,600 

2  19 

3-87 

0-95 

4,000 

8     9 

1,700 

2  30 

4-14 

1-00 

4,100 

8  27 

1,800 

2  42 

4-42 

105 

4,200 

8  45 

1,900 

2  55 

4*70 

115 

4,300 

9     3 

• 

2,000 

3     8 

4-99 

1-20 

4,400 

9  22 

2,100 

3  21 

5*28 

1-25 

4,500 

9  41 

2,200 

3  34 

5-58 

1-35 

4,600 

10     0 

2,300 

3  48 

5-88 

1*40 

4,700 

10  20 

2,400 

4     2 

619 

1*50 

4,800 

10  40 

410 


Range  Table  for  7-inch  Rifled  MX.  Gun  of  6^  Tons. 


Charge,  14  lbs.  R.L.G.  powder. 
Projectile^  common  shell. 


^ 

Mean  Elevat 
£l«vution. 

1 

ion  due  to 

Time 

of 
Flight 

each  100 

Lengths 

of 
Fuse. 

Yards  of  B 

Distance 

of 
Object. 

.angc,  by  Inl 

1  Elevation. 

1 

terpolatioE 

Time 

of 
Flight. 

I. 

Distance 

of 
Object. 

Lengths 

of 

Fuse. 

yds. 

O 

/ 

sees. 

! 

1 

1     ins. 

1 

yds. 

o 

/ 

sees. 

ins. 

100 

0 

10 

0-30 

0-05 

2,100 

4 

43 

6-20 

1-45 

200 

0 

21 

0-55 

0-15 

2,200 

5 

0 

6-55 

1-50 

300 

0 

31 

0*80 

0-20 

2,300 

5 

18 

6-90 

1 

1-60 

400 

0 

42 

110 

0-25 

2,400 

5 

1 

36 

7-20 

1-65 

500 

0 

54 

■     1-40 

0-30  . 

2,500 

5 

54 

7-55 

1-75 

600 

6 

1-65 

0-40 

2,600 

6 

12 

7*90 

1-85 

700 

18 

1-90 

0*45 

2,700 

6 

31 

8-25 

1-90 

800 

31 

'     2-20 

0-50 

2,800 

6 

50 

8-60 

200 

900 

44 

2-50 

I     0'60 

2,900 

7 

9 

8-95 

1,000 

57 

2-80 

0-65 

i 

3,000 

7 

29 

9-30 

1,100 

2 

10 

3-10 

0-70 

3,100 

7 

48 

9-65 

1,200 

o 

24 

3 -40 

0-80 

3,200 

8 

8 

1000 

1,300 

2 

38 

3-70 

0-85 

3,300 

8 

28 

10-40 

1,400 

2 

52 

400 

0-95 

3,400 

8 

48 

10-75 

1,500 

3 

7 

4-30 

1-00 

3,500 

9 

8 

11-10 

1,600 

3 

9.-2     . 

4  60 

1-05 

3,600 

9 

29 

11-50 

1,700 

3 

37 

4  90 

1-15 

3,700 

9 

49 

11-90 

J, 800 

3 

53 

.'^•25 

1-20 

3,800 

10 

10 

12-25 

1,900 

4 

9 

5-60 

1-30 

3,900 

10 

31 

12-60 

2,000 

4 

26 

1 

5-90 

1 

1-35 

4,000 

10 

52 

13-00 
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Range  Table  fob  7-inch  Rifled  MX.  Gun  of  6^  Tons. 


Charge,  14  lbs.  R.L.G.  powder. 
Projectile,  double  shell. 


Mean  Elevation  dae  to  each  100  Yards  of  Range,  by  Interpolation 

• 

Distance 

of 
Object. 

Elevation. 

1 

Time    1  Tenths 

of             of 
Flight.      Fuze.* 

sees. 

Distance 

of 
Object. 

Elevation. 

Time 

of 
Flight. 

Tentli* 

of 
Fuze. 

yds. 

O            / 

1 
yds. 

100 

0     14 

0-30 

1,700     1 

1 

155 

—             —               ^ 

1,800 

200 

0     28     '     0-60 

1,900 

300 

0     42          0-90     ' 

2,000 

315 

:    —          2 

2,100 

400 

0     56 

1-20 

2,200     : 

470 

—               3 

2,300     ' 

500 

1     10 

1-.50 

2,400 

600 

1     25 

1-80 

2,500 

630 

— 

—               4 

2,600 

700 

1     41 

215 

2,700 

7S5 

—                5 

1 

2,800 

800 

1     57 

2-45 

2,900 

900 

2     14 

2-75 

3,000 

P40 

— 

6 

1 

3,100 

1,000 

2     31 

310     , 

3,200 

IfiSO 

^^^ 

-    i      7 

3,300     j 

1,100 

2     50 

3-40 

3,400 

1,200 

3       9 

3-75 

3,500 

1^35 

— 

— 

S 

3,600 

1,300 

3,700 

1,400 

3,800 

1,500 

3,900 

1,600 

1 

1 

1 

4,000 

*  These  Tenths  of  fnze  apply  equally  to  the  L.S.  7 -inch  fpm  (if  7  tons  wheil 
firing  doable  shell.    Charge,  14  lbs. 


Range  Table  for  T-dtch  Rifled  M.L.  Gcx  of  6^  Toss. 


Chftrgc,  battering,  2 
Projectile,  Palliser  c 


lbs.  ILI..6.  powder. 

common  shelL 


MeaD  Elevatiuo  doe  to  each  11)0  Twib  of  Range,  by  Inlcipobttion. 
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Range  Table  for  7-inch  Rifled  M.L.  Gun  of  6J  Tons. 


Charge,  battering,  30  lbs.  P.  powder. 
Projectile,  Palliser  or  common  shell. 


1 

J 

Mean  Elevat 

ion  due  to 
Time 

each  100 
Tenths 

Yards  of  Range,  by  Int 
Distance 

«rpolation 

• 

Distance 

Time 

Tenths 

of 

Elevation. 

of 

of 

of 

Elevation. 

of 

of 

Object. 

Flight. 

Fuze. 

Object 

Flight. 

Fuze. 

yds. 

o       / 

sees. 

yds. 

t*    / 

sees. 

100 

0     4 

0'20 

2,500 

3  49 

6-23 

190 

— 

1 

2,600 

4     2 

6-52 

200 

0  10 

0-42 

2,605 

16 

300 

0   16 

0-64 

2,700 

4  15 

6-81 

3S0 

— 

2 

2,743 

^_ 

i7 

400 

0  23 

0-86 

2,800 

4  28 

7-11 

2^S0 

— 

^__ 

IS 

500 

0  30 

1-08 

2,900 

4  41 

7*41 

565 

— 

— 

3 

600 

0  37 

1-30 

3,000 

4  54 

7-72 

700 

0  44 

1-53 

3,015 

i9 

745 

— 

4 

3,100 

5     8 

8-03 

800 

0  51 

1-76 

3,150 

,^_ 

20 

900 

0  59 

1-99 

3,200 

5  23 

8-34 

920 

■ 

5 

3^S0 
3,300 

5  38 

8-66 

21 

1,000 

1     7 

2-23 

3,400 

5  53 

8-98 

1,090 

— 

6 

3^10 

— 

22 

1,100 

1   16 

2-47 

1^00 

1   25 

2-72 

3,500 

6     9 

9-30 

1,260 

— 

— 

7 

3^5 

23 

1^00 

1   35 

2-97 

3,600 

6  24 

9-62 

1,400 

1  45 

3-22 

3,660 

U 

1^0 

— 

S' 

3,700 

6  40 

9-94 

3,7S5 

— 

25 

1,500 

1  55 

3-47 

8,800 

6  56 

10-26 

1^0 

— 

9 

3,900 

7   13 

10-59 

1,600 

2     5 

3-73 

3,905 

^-^ 

26 

1,700 

2   15 

4-00 

1,735 

— 

— 

10 

4,000 

7  30 

10-93 

1,800 

2  26 

4-27 

4,025 

27 

1,ff85 

— 

— 

11 

4,100 

7  47 

11-28 

w 

1,900 

2  37 

4-54 

4,200 
4,300 

8     4 
8  21 

11-63 
11-98 

2,000 

2  48 

4-82 

4,400 

8  39 

12-34 

2fi:i5 

— 

12 

2,100 

3     0 

5-10 

4,500 

8  57 

12-70 

2, ISO 

— 

— 

13 

4,600 

9   15 

13-07 

2,200 

3  12 

5-38 

4,700 

9  33 

13-45 

2,300 

3  24 

5-66 

4,800 

9  51 

13  83 

2,^25 

H 

2,400 

3  36 

5-94 

2^65 

15 
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Range  Tablk  for  7-inch  Rifled  B.L.  Gun  of  82  Cwr. 


Charge,  1 1  lbs.  R J4.G.  powder. 
Projectile,  commou  shell  of  90  lbs. 


Mean  ElcTation  due  to  each  100  Yards  of  Range,  by  InterpoUtion. 

» 

Distance 

of 
Object. 

Elevation. 

Time 

of 
Flight. 

Lenirths 

0? 

Fu2e. 

Distance 

of 
Object. 

1 

Elevation. 

1 
i 

Time 

of 
Flight. 

Lengths 

of 

Fuze. 

yds. 

0 

/ 

sees. 

ins. 

yds. 

0      / 

sees. 

1 

ins. 

100 

0 

;' 

0-26 

0-05 

2,100 

5     27 

6-62 

1*35 

200 

0 

21 

0-56 

0-10 

2,200 

5     47 

6-97 

1-40 

300 

0 

33 

0-86 

015 

2,300 

6       7 

7-30 

1-50 

400 

0 

45 

1-16 

0-20 

2,400 

6     27 

7-65 

1-55 

500 

0 

58 

1-46 

0-30 

2,500 

6     47 

7-97 

1-65 

600 

1 

11 

1-77 

0-35 

2,600 

7       7 

8-31 

1-70 

700 

1 

25 

2*08 

0*45 

2,700 

7     27 

8-65 

1-75 

800 

1 

40 

2*39 

0*50 

2,800 

7     47 

9-00 

1*85 

900 

1 

55 

2*71 

0'55 

2,900 

8       7 

9-36 

1-90 

1,000 

2 

10 

3-03 

0-60 

3,000 

8     27 

9-71 

2-00 

1,100 

2 

26 

3*34 

0-70 

3,100 

8     47 

10-06 

1,200 

2 

43 

3-66 

0-75 

3,200 

9       7 

10'42 

1,300 

3 

0 

4-00 

O'EO 

3,300 

9     27 

10-80 

1,400 

3 

17 

4-30 

0'90 

3,400 

9     47 

11-17 

1,500 

8 

34 

4-61 

0-95 

3,500 

10       7 

11-63 

1,600 

3 

52 

4-95 

POO 

3,600 

10     27 

12-00 

1,700 

4 

11 

5-29 

1-10 

3,700 

1,800 

i 

30 

5-61 

1-15 

3,800 

1,90(» 

4 

49 

5' 95 

1*20 

3,900 

2,000 

5 

8 

6-29 

1-30 

4,000 

1 

f 

1 
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Range  Table  for  80-pr.  Converted  Rifled  MX.  Gun  op  5  Tons. 


Charge,  10  lbs.  RL.G. 
Projectile,  commou  shell  80  lbs. 


Mean  Elevation  due  to  each  100  Yards  of  Range,  by  Interpolation. 


Distance 

of 
Object. 


yds. 

100 

200 

300 

400 

600 

600 

700 

SOO 

900 

1,000 

1.100 

1.200 

1^00 

1.400 

1,600 

1,600 

1,700 

1,800 

1,900 

2.000 


Time 

of 
FliRht. 


Lengrthfi 

of 

Fuze. 


Oil 
0  23 
0  35 


0  47 

0  59 

1  12 

1  25 

1  38 

1  SI 

2    4 

2  18 

2  32 

2  46 

3    0 

3  15 

3  30 

346 

4    2 

4  18 

435 

Distance 

of 
Object. 


Eleva- 
tion. 


sees. 

ins. 

yds. 

0'28 

0*05 

2,100 

0-57 

0*15 

2,200 

0-80 

0-20 

2.300 

1*15 

0-25 

2,400 

1*44 

0-30 

2,500 

1*73 

0*40 

2,600 

2-02 

0*46 

2,700 

2*31 

0*50 

2300 

2-61 

0-65 

2,900 

2-91 

0*66 

3,000 

3-21 

0-70 

3,100 

3*51 

0*75 

3,200 

3-82 

0*80 

3,300 

4-13 

0-90 

3,400 

4*44 

095 

3,500 

4-75 

1-00 

5-06 

1*10 

5*37 

1-15 

5*68 

1*20 

6-00 

1-30 

o      / 

4  52 

5  9 
5  27 

5  46 

6  6 
6  25 

6  45 

7  6 
7  27 

7  49 

8  11 
8  34 

8  67 

9  20 
9  44 


Time 

of 

"Plight. 


Lengths 

of 

Fuze. 


Tenths 

of 
Fuze. 


sees. 

ins. 

6*32 

1-85 

6*65 

1-45 

6'98 

1-50 

7-32 

1-65 

7-66 

1-65 

8*00 

1-75 

8*35 

1-80 

8-70 

1-90 

9-05 

1-95 

0*41 

2-05 

9-77 

210 

10-13 

2-20 

10-50 

2-30 

10-87 

2-35 

11-25 

2-45 

Corre- 
spond- 
ing 
Range. 


Tenths 
of 


Corre- 
spond- 
ing 


^^^'  I  Range 


1 

1-5 

2 

2-5 

3 

3-5 

4 

4-5 

5 

6-5 

6 

6-5 

7 

7-5 

8 
'8-5 

9 

9*5 
10 
11 


yds. 

260 

390 

520 

630 

750 

860 

960 

1.080 

1,190 

1,290 

1,400 

1.405 

1.595 

1,695 

1,783 

1,880 

1,970 

2,060 

2.146 

2,286 


12 
13 
14 
15 
16 
17 
18 
19 
20 


yds. 

2.470 

2,630 

2.776 

2.916 

3,065 

3.190 

3.320 

3.446 

3.670 
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Ranue  Table  for  S^tMCH  Howitzer  of  46  cwt. 

Bued  ou  Practice  of  14th,  15th,  20th,  and  Sath  March  1872. 
Minutes  30,083. 

Showing  nuigcs  with  constant  charge  and  variable  elevations. 
Charge,  10  lbs.  J-riyoclile,  sU.-ll,  180  lis. 


Meui  ElL-vation  due  tu  euh  100  Yjirds 

of  K>i.g 

hj  InterpaiBtion. 

■s 
it 

1 

^ 

¥ 

il 

c 

i 

ti 

I 

ydiK 

100 

0  18 

0 

s 

2,600 

13  50 

11 

68| 

yds. 
5,100 

soo 

0  39 

0 

77 

2,700 

14  31 

13 

31 

5,200 

300 

1     4 

1 

17 

8,800 

"'• 

13 

75 

5,300 

400 

1  33 

1 

57 

2,900 

.» 

13 

30 

5,400 

500 

a    3 

1 

07 

3,000 

,.„ 

13 

89 

9^ 

600 

3  38 

3 

38 

3,100 

u« 

14 

40 

9,600 

700 

3    3 

S 

79 

3,200 

is' 14 

14 

95 

9,700 

800 

3  33 

3 

SI 

3,300 

18  59 

15 

52 

5,800 

900 

4     3 

3 

63 

3,400 

19  45 

IG 

10 

5,900 

1,000 

4  33 

4 

OS 

3,500 

20  32 

16 

70 

6,000 

1,100 

5     3 

4 

48 

3,600 

21  SO 

17 

6.100 

1,300 

S  34 

4 

92 

3,700 

22   10 

17 

90 

6,200 

1,800 

6     6 

5 

36 

3,800 

23     2 

18 

50 

6,300 

l,«)0 

6  38 

5 

80 

3,900 

13  95 

19 

15 

6,400 

1,500 

T   10 

6 

35 

4,000 

24  49 

" 

85 

6,500 

1.600 

7  43 

6 

71 

4,100 

25  44 

» 

GO 

6.600 

1,700 

8  17 

7 

18 

4,200 

26  44 

31 

40 

6,700 

1,800 

8  sa 

7 

65 

4.300 

27  54 

3! 

30 

6,800 

l,iM)0 

9  28 

8 

14 

4,400 

19   16 

.3 

.10 

(1,900 

3,000 

10     S 

8 

63 

4,500 

30  52 

34 

40 

7,000 

8,100 

10  43 

9 

13 

4,600 

32  44 

25 

50 

7,100 

9,S0U 

It    19 

9 

ea 

4,700 

84  55 

26 

70 

7,200 

a,30ii 

11   S6 

10 

13 

4.800 

37  28 

28 

05 

7,300 

3,400 

13  S3 

10 

64 

4,900 

40  26 

29 

55 

7,400 

3,500 

31   11 

11 

15 

5,000 

_ 

7,500 

4.17 


Range  Tablk  for  8-inch  Riflkd  M.L.  Howitzer  of  46  cnvt, 


Based  on  Practice  of 

Minutes 

Charge,  8  lbs. 

Projectile,  common  shell,  180  lbs. 


Mean  Elevation  due  to  each  100  Yards  of  Range,  by  Interpolation. 

Distance  of 
Object. 

• 

o 

> 

Time  of 

Flight. 

Lengths    of 
Fuze. 

Distance  of 
Object. 

• 

§ 

03 

> 

Time   of 
Flight. 

Lengths   of 
Fuze. 

Distance  of 
Object. 

• 

a 

o 

Time  of 
Flight. 

o 

yds. 

100 

o          / 

0  34 

sees. 
0-42 

yds. 
2,600 

17     2 

sees. 
12-68 

yds. 
5,100 

200 

1     7 

0-83 

2,700 

17  .54 

13-20 

5,200 

300 

1  40 

1-25 

2,800 

18  47 

13-80 

5,300 

400 

2   14 

1-68 

2,900 

19  41 

14-48 

5,400 

500 

2  48 

2-12 

3,000 

20  36 

15-12 

5,500 

600 

3  22 

2-57 

3,100 

21  32 

15-76 

5,600 

700 

3  56 

303 

3,200 

22  30 

16-42 

5,700 

1 

800 

4  32 

3-50 

3,300 

23  30 

1709 

5,800 

900 

5     8 

3-97 

3,400 

24  30 

17*76 

5,900 

1,000 

5  44 

4-44 

3,500 

25  30 

18-44 

6,000 

1,100 

6  21 

4-91 

3,000 

26  32 

19-14 

6,100 

1,200 

6  58 

5-38 

3,700 

27  35 

19-86 

6,200 

1,300 

7  35 

5-86 

3,800 

28  39 

20-60 

6,300 

1,400 

8  12 

C-34 

3,900 

29  45 

21-40 

6,400 

1,500 

8  50 

6-83 

4,000 

31   10 

22'40 

6,500 

1,600 

9  29 

7-33 

4,100 

32  .OO 

23-75 

6,600 

1,700 

10     9 

7-83 

4,200 

35  25 

25-60 

6,700 

1,800 

10  50 

8-34 

4,300 

6,800 

1,900 

11   32 

8-86 

4,400 

6,900 

2,000 

12   15 

9-39 

4,500 

7,000 

2,100 

13     0 

9-92 

4,600 

7,100 

2,200 

13  46 

10-46 

4,700 

7,200 

2,300 

14  33 

11-00 

4,800 

7,300 

2,400 

15  21 

11-55 

4,900 

7,400 

2,500 

16   11 

12-11 

5.000 

» 

7,500 

418 
Rakoe  Table  for  8-inch  Rifled  M.L.  Howitzer  of  46  cwt. 


BaBed  on  Practice  of 

Minutes 

Charge,  5  lbs. 

Projectile,  common  shell,  180  lbs. 


Mean  ElcTttion  du«  to  each  100  Yardi  of  Range,  hj  Interpolation. 


o        I 
o«^  i 


56" 


p 

c 
> 


o 
uj     -Is 


C3  ^ 


100 

200 

300 

400 

AOO 

600 

700 

800 

000 

1.000 

1,100 

1,200 

1.300 

1,400 

1,500 

1,600 

1.700 


I 


0  54 

1  43 

2  33 

3  24 

4  16 

5  10 

6  5 

7  1 

7  58 

8  57 

9  59 

11  3 

12  11 

13  22 

14  36 

15  53 


KC8. 

0-74 
1-33 
1-92 
2-52 
312 
3-72 
4  32 
4*92 
5-52 
613 
6-75 
7-37 
7-99 
8-63 
9-29 
9-98  . 


17  19    10-72 


1,800  jl8  49  11*50  I 

I 

1.9t)0i20  25  12-33  ! 

2,000  22     2  13-22 

2.100*23  39  14*19  | 

I 

S.200  25  19  15*29  I 

■ 

2,900^7     3  16-46  ' 


t4O0 
VOO 


19    0    17-70  • 
81  21    19-OS 


o 
.2  0 


ydn. 
2.600 

2,7(»0 

2,800 

2,900 

3,000 

3.100 

3,200 

3,300 

3,400 

3,500 

3.600 

3,700 

3,800 

3,900 

4,0iX) 

4,100 

4,200  j 

4,300 

4,400 

4.500 

i 

4,600  i 
4.7W  I 

4,800  ! 

I 
4.900 

I 

5.000 


p 
c 


P 


PpH 


34  27 


sees. 
20-45 


yds. 
5,100 

5,200 

5,300 

5 

5,500 

5,600 

5,700 


B 

O 


c 


>,900 

».40ol 


5.800 


t 


5.900 

1 

6,000 

1 

6,100 

1 

6,200 

1 

1 

1 

1 

6.300. 

6.400 

1 
1 

1 
6.500 

6.600 

1 
< 

6.700. 

' 

6,800 

• 

6,90O; 

• 

7,000 

7.100 

1 

7.200 

7,30t» 

7.400 

7.50O 

419 


Bangs  Table  for  8-inch  Rifled  M.L.  Howitzer  or  46  cwt. 


Based  on  Practice  of 

Minutes 

Constant  elevation  of  20^ 

Projectile,  common  shell,  ISOlbs. 


lb.  oz. 

1  8 

y 

10 

11 

12 
13 
14 
15 

2  0 
1 
2 
3 
4 
5 
6 

m» 
4 

8 
9 
10 
11 
12 
13 
14 
15 

3  0 

1 
o 

3 
4 

5 
6 

4 

8 
9 
10 
11 
12 
IS 
14 
15 


• 

1 

• 

"  fee 

• 

• 

SC 

a> . -. 

ttC 

£r 

to 

rt 

s 

©lb 


^         H 


4> 


yds. 

470 
497 
523 
549 
575 
COl 
627 
653 

697 
705 
731 
757 
783 
808 
833 
858 
883 
905 
933 
958 
983 
1,008 
1,033 
1,058 

1,083 
1,108 
1,133 
1,158 
1,183 
1,208 
1,233 
1,258 
1,283 
1,308 
1,333 
1,358 
1,383 
1,408 
1,433 
1,458 


sees. 

617 
6-30 
6-43 
6-56 
6-69 
6 '82 
6-95 
7-08 

7-21 
7-33 
7-45 
7-57 
7  •  6!) 
7-81 
7-93 
8-05 
8-17 
8-29 
8-41 
8-53 
8-64 
8-75 
8-86 
8-07 

9-08 

9-19 

9-30 

9-41 

9*52 

9-63 

9-74 

9-85 

9-96 

10-07 

10-18 

10-28 

10-38 

10-48 

10-58 

10-68 


I 


lb.  oz. 

4  0 
1 
2 

3 
4 
5 
6 

/ 

8 
9 
10 
11 
12 
13 
14 
15 

5  0 
1 
2 
3 
4 
5 
6 

i 

8 
9 
10 
11 
12 
13 
14 
15 

C  0 
1 
2 
3 
4 
5 


yds. 

,483 
,508 
,533 
,558 
.583 
,608 
,633 
,658 
683 
,708 
,733 
,758 
,783 
,808 
,8f#o 
,858 

,883 
,908 
,933 
,958 
,982 
2,006 
2,030 
2,054 
2,078 
2,102 
2,125 
2,148 
2,171 
2,194 
2,216 
2,238 

2,260 
2,282 
2,304 
2,326 
2,348 
2,370 
2,392 
2,414 


sees. 


78 
88 
97 
06 
15 
24 
33 
42 
51 
60 
69 

d   I 

85 
93 
01 
09 

17 
25 
32 
39 
^16 
53 
60 
67 
73 
79 
85 
91 
97 
03 
09 
15 

21 
27 
33 
39 
45 
51 
57 
62 


• 

to 

o 
to 

a 

Time  of 
Flight. 

lb.  oz. 

yds. 

secB. 

6     8 

2,436 

13-67 

9 

2.458 

13-72 

10 

2.480 

13-77 

11 

2,502 

13-82 

12 

2,524 

13-87 

13 

2,546 

13-92 

14 

2,568 

13-97 

15 

2,590 

14  02 

7     0 

2,611 

14-07 

1 

2,632 

14-12 

2 

2,653 

14-17 

3 

2,674 

14-22 

4 

2,695 

14-27 

5 

2,716 

14-32 

6 

2,737 

14-37 

m 
4 

2,758 

14-42 

8 

2,779 

14-46 

9 

2,800 

14-50 

10 

2,821 

14-54 

11 

2,842 

14-58 

12 

2,863 

14-62 

13 

2,884 

14-66 

14 

2,905 

14-70 

15 

2,925 

14-74 

S     0 

2,945 

14-78 

1 

a  o 


420 


Range  Table  for  8-tnch  Rifled  M.L.  Howitzer  of  46  cwt. 


Based  on  Practice  of 

Minutes 

Constant  elevation  of  40°. 

Projectile,  common  Bholl,  180  lbs. 


• 

o 

• 

o 

O 

• 

1 

H 

Is 

apc4 

1 

1 

IS 

«n     . 
Hi 

• 

s 

• 

*  -• 

bCS 

4i 

lb.  oz. 

yds. 

t»ec8. 

lb.  oz. 

yds. 

sees. 

lb.  01. 

yds. 

sees. 

1     8 

715 

11-33 

4     0 

2,154 

19-71 

6     8 

3,554 

25*39 

9 

751 

11-57 

1 

2,189 

19-87 

9 

3,589 

25-52 

10 

787 

11-81 

2 

2,224 

20-03 

10 

3,624 

25-65 

11 

823 

1205 

3 

2,259 

20- 19 

11 

3.659 

25-78 

12 

859 

12-29 

4 

2,294 

20-35 

12 

3,694 

25-90 

13 

895 

12-53 

5 

2,329 

20-50 

13 

3,729 

26-02 

14 

931 

12-77 

6 

2,364 

20-65 

14 

3,764 

26-14 

15 

967 

1301 

7 
8 

2,399 
2,484 

20-80 
20-95 

15 

3,798 

26-26 

2     0 

1,003 

13-25 

9 

2,469 

21-10 

7     0 

3,832 

26*38 

1 

1,039 

13-49 

10 

2,504 

21-25 

1 

3,866 

26-50 

2 

1,075 

13-72 

U 

2,539 

21-40 

2 

3,900 

26-62 

3 

1,111 

13-95 

12 

2,574 

21-55 

3 

3.934 

26*74 

4 

1.147 

14-18 

13 

2,609 

21-70 

4 

3,968 

26-86 

5 

1,18.1 

14-41 

14 

2,644 

21-84 

5 

4,002 

26-98 

6 

1,219 

14-64 

15 

2,679 

21-98 

6 

4,036 

27    10 

7 

1,255 

14-87 

7 

4,070 

27-22 

8 

1,291 

15-10 

5     0 

2,714 

22-12 

8 

4,104 

27-34 

U 

1,327 

15-32 

1 

2,749 

22-26 

9 

4,138 

27-46 

10 

1,363 

15-53 

^ 

2,784 

22-40 

10 

4,172 

27-58 

U 

1,399 

15-74 

3 

2,819 

22-54 

11 

4,206 

27-70 

12 

1,435 

15-94 

4 

2,854 

22-68 

12 

4,239 

27-82 

IS 

1,471 

1614 

5 

2,889 

22-82 

13 

4,272 

27*94 

14 

1,507 

16-34 

6 

2,924 

22-96 

14 

4,305 

28*06 

15 

1,548 

16-54 

8 

2,959 
2,994 

23-10 
23-24 

15 

4,338 

28*  18 

3     0 

1,579 

16-74 

9 

3,029 

23-38 

8     0 

4,371 

28-30 

1 

1,615 

16-94 

10 

3,044 

23-52 

2 

1,651 

17-14 

11 

3,099 

23*66 

3 

1,687 

17-34 

12 

3,134 

23-80 

4 

1,723 

17-54 

13 

3,169 

23-94 

5 

1,759 

17-74 

14 

3,204 

24  08 

■ 

C 

1,795 

17-93 

15 

3,239 

24*22 

7 

1.831 

18-12 

8 

1 ,867 

18-31 

6     0 

3,274 

24-35 

9 

1.903 

18-50 

1 

3,309 

24-48 

10 

1,939 

18-69 

3,344 

24-61 

11 

1,975 

18-87 

3 

3,379 

24-74 

12 

2,011 

19-05 

4 

3,414 

24-87 

13 

2,047 

19-22 

5 

3,449 

25-00 

14 

2,083 

19-39 

(> 

3,484 

25-13 

la 

2,119 

19-55 

3,519 

1 

25-26 

Range  Table  foe  64-pr.  BJUX.  GoH  of  64  CwT. 

Based  on  Practice  of  4th  ftnd  5th  May  1874. 

MlnuteB  31,833. 

Cbarfre,  10  lbs. 

Projectile,  comtnon  shell  J  weight,  64*5  lbs. 


Mean  ElcTBlioi.  due  to  *ach  100  Yird.  of  B«ig«,  by  In 

«rpolat 

on. 

■s 

■3 

■5 

■s 

•3 

^ 

a 

11 

u 

li 

j 

I 

I 

Q 

1 

■Si 

|i 

fi. 

«■ ; 

s 

9S 

_ 

yds. 
2,800 

5  33 

7 

36 

16 

A 

300 

0  IS 

0 

48 

I 

S.700 

5  40 

7 

7 

17 

5,aoo 

300 
400 

0B5 
0  94 

0 

72 
98 

1-5 
2 

2,B0O 
2.900 

5  sa 

8  18 

8 

e 

04 
39 

17 
IS 

5,300 
5.400 

.500 

0  43 

1 

21 

as 

3,000 

6  34 

B 

74 

19 

6.500 

600 

OSS 

1 

45 

3-5 

3.100 

8  5S 

9 

09 

19 

5.800 

700 

1     2 

1 

72 

4 

3.300 

7   13 

9 

44 

20 

5.700 

800 

1   IS 

1 

98 

4-S 

3,300 

7  3S 

9 

8 

21 

5,800 

900 

1  22 

25 

5 

3,400 

7  S3 

10 

IG 

23 

5,900 

1,000 

,» 

S3 

6 

3,500 

8   12 

10 

53 

33 

6,000 

1,100 

I   44 

SI 

6-5 

3,600 

8  32 

10 

' 

23 

6.100 

1,SOO 

1  56 

09 

7 

3,700 

8  53 

11 

27 

24 

6,200 

1,800 

S     9 

3B 

7-3 

3,800 

9   U 

11 

65 

25 

6,300 

1,*00 

S  SS 

67 

S'5 

8,900 

9  39 

12 

04 

23 

6,400 

1,600 

2  SS 

96 

9 

4.00U 

9  57 

13 

43 

26 

6,500 

1,600 

2  4S 

SS 

9-6 

4,100 

10  1» 

12 

S3 

27 

6,600 

1,700 

3     2 

5S 

10 

4,300 

10  41 

13 

23 

28 

6,700 

1,800 

3   1? 

85 

11 

4,300 

11      3 

13 

64 

29 

6.800 

1,900 

a  33 

15 

H 

4,400 

11   25 

14 

OS 

29 

6.900 

2,000 

3  47 

46 

13 

4,500 

U  48 

14 

46 

30 

7,000 

S,100 

4     •! 

77 

12 

4,600 

13  11 

14 

87 

31 

7,100 

B,a0Q 

4  18 

oe 

13 

4,700 

13  34 

15 

28 

31 

7.200 

MOO 

4  34' 

39 

14 

4.800 

12  57 

15 

69 

32 

7,300 

a,4oo 

4  SO 

71 

13 

4,900 

13  21 

16 

1 

33 

7,400 

S,500 

: 

03 

16 

5,000 

13  45 

16 

51 

34 

7,500 

422 


BiNOB  Table  for  64-pb.  Rifled  MX.  Gun  of  64  Cwr.,  ahd  64-  ph 

CONYEBTED   6uN8  OF  71   AND  68  CWT. 


Charge,  8  Ibe.  B.L.6.  powder. 
Projectile,  common  shell. 


Mean  Eleration  due  to  each  100  Tarda  of  Bange,  by  Interpolation. 


Distance 

of 
Object 

Eleration. 

Time 
of 

Flight 

Lenfftfafl 
Fuze. 

Distance 

of 
Olject 

Eleyation. 

Time 

of 
Flight 

Lengths 
Fuze. 

yds. 

o 

/ 

secB. 

ina. 

yds. 

0 

/ 

sees. 

ins. 

100 

0 

10 

0*25 

0*05 

2,100 

4 

48 

6*16 

1-40 

200 

0 

21 

0«50 

0-10 

2,200 

5 

6 

6*51 

1-50 

300 

0 

32 

0*75 

0*15 

2,300 

5 

25 

6-87 

1-60 

400 

0 

43 

1*02 

0*25 

2,400 

5 

44 

7-28 

1-65 

500 

0 

55 

1*29     1 

0-30 

2,500 

6 

4 

7-59 

1-75 

600 

7 

1*57 

0*35 

2,600 

6 

24 

7-96 

1-85 

700 

19 

1-86     i 

0*45 

2,700 

6 

45 

8*32 

1-90 

800 

32 

2-15 

0*50 

2,800 

7 

6 

8«70 

2-00 

900 

45 

2-42 

• 

0-65 

2,900 

7 

28 

9-09 

2-05 

1,000 

58 

2*72     : 

0-60 

3,000 

7 

50 

9-47 

2-15 

1,100 

2 

12 

2*99 

0-70 

3,100 

8 

13 

9-87 

2-25 

1 

1,200 

2 

26 

3*29 

0-75 

3,200 

8 

36 

10'27 

2*30 

1,300 

2 

40 

3*58 

0-80 

3,300 

9 

0 

10*68 

2*40 

1,400 

2 

55 

3-89 

0-90 

3,400 

9 

24 

11-09 

2-50 

1,500 

3 

10 

4-20 

0-95 

3,500 

9 

49 

11-51 

2-60 

1,600 

3 

25 

4*51 

1*06 

3,600 

10 

14 

11-93 

2-70 

1,700 

3 

41 

4*81 

1-10 

3,700 

10 

40 

12-35 

2-80 

1,800 

3 

57 

5«15 

1-20 

3,800 

11 

6 

13-:77 

2-90 

1,900 

4 

14 

5-48 

1-25 

3,900 

11 

33 

1519 

3-00 

2,000 

4 

31 

5*82 

1-35 

4,000 

12 

0 

16-61 

8-10 

423 

Ramok  Table  for  40-pr.  B.M.L.  Gdk  op  35  Cwr.  Maek  U. 

Baaed  on  Practice  of  30th  JanaarT  and  6lh  February  1874,  also  i5tii 

April  1873. 
Cha^,  7  Ibfl.  Ri.G.  powder. 
Projectile,  common  ahell ;  weight  38  •  5  lbs. 


Mmi  Elcvntion  du 

K>  each  100  Y«rd«  of 

Range,  bjlattrpolat 

on. 

is 

1 
1 

ii 

11 

P 

1 

1 

? 

it 

EH 

H 

i 
1 

3 

*4 

i 

100 

0     9 

■ecs. 
0-23 

T 

a 

5  38 

7 

ce. 
52 

j^ 

5,100 

«» 

0  17 

0-47 

2,700 

S  56 

7 

88 

15 

5,300 

300 

0  26 

OTl 

1-5 

3,800 

6  14 

8 

24 

16 

5,300 

400 

0  86 

0-96 

3,900 

6  33 

8 

61 

17 

5,400 

SOO 

0  48 

1-21 

2-5 

3,000 

6  53 

8 

98 

17 

5,500 

600 

0  56 

1-47 

3,100 

7  13 

9 

35 

18 

5,600 

700 

1     6 

1-73 

8-5 

3,200 

7  32 

9 

73 

19 

5,700 

800 

1  17 

1-99 

8,300 

7  52 

10 

11 

19 

6300 

900 

I  28 

2-25 

3.400 

8  13 

10 

49 

20 

5,900 

1,000 

1  40 

2-&a 

4-5 

3,500 

8  34 

10 

88 

6,000 

1,100 

1  53 

3-79 

3,600 

8  55 

11 

27 

6,100 

1.200 

3    4 

3-07 

5-5 

3,700 

9  17 

11 

67 

6,300 

1,300 

2  17 

3-85 

8,800 

9  39 

12 

07 

6,300 

1,400 

8  30 

3-64 

6-5 

3,900 

10     1 

12 

48 

6,400 

1,500 

3  43 

3-94 

4,000 

10  23 

13 

89 

6,500 

1,600 

2  57 

4-24 

7-5 

4,100 

6,600 

1,700 

3  11 

4-55 

4.200 

6,700 

1,800 
1,900 

8  S6 
3  41 

4-36 
5-17 

9-5 

4,300 
4,400 

6,800 
6,900 

1,000 

3  56 

5-49 

4,500 

7,000 

S,100 

4  11 

S-81 

4,600 

7,100 

3,800 

4  27 

6-14 

4,700 

7,300 

8,800 
S,400 

4  44 

6-47 
€■81 

18 

4,800 

4,900 

7,800 
7,400 

2,500 

5  SO 

7-16 

14 

5,000 

7,500 

Range  Table  fob  40-pb.  Riflkd  BX.  Gus  or  32  Cwt. 


Charge,  5  lbs.  B.L.6.  powder. 
Projectile,  commOD  shell. 


Ueu  BlentioD  dtie  to  etoh  100  Yirdi  of  Binge,  by  iDterpoUtion 

DiMlux 
of 

Elewtion. 

■Kme 
of 

r^ngtliB 

Distance 
of 

Elmtion. 

-nme 

of 

i^ 

Object. 

Plight. 

Fale. 

Olaect. 

Flight. 

Fwe. 

Jit. 

secB. 

ins. 

yds. 

secB. 

int. 

100 

0     10 

0 

35 

0 

05 

S,1DD 

5     27 

6 

GO 

1-35 

8D0 

0     31 

0 

65 

0 

10 

3 

300 

5     45 

00 

1-40 

800 

0     39 

0 

95 

0 

15 

a 

300 

6       4 

T 

35 

rts 

400 

0     45 

1 

SS 

0 

30 

s 

400 

G     S4 

7 

70 

1'55 

.SOO 

0     58 

1 

55 

0 

as 

a 

500 

6     44 

8 

05 

1-60 

eco 

I    la 

1 

85 

0 

35 

a 

600 

7       S 

B 

45 

1-70 

700 

1      27 

2 

15 

0 

40 

a 

700 

7     27      1     8 

80 

■■« 

800 

1      43 

3 

45      1     0 

50 

a 

800 

7     49           9 

30 

'■" 

900 

1      67 

3 

75     1     0 

.^5 

3 

900 

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ 

425 


Range  Table  for  20-pb.  Rifled  B.L.  Gun  of  16  Cwr. 


Charge,  2  lbs.  8  ozs.  R.L.6.  powder. 
Projectile,  shot  or  shell. 


Mean  Eleration  due  to  each  100  Yards  of  Range,  by  Inteqx>lation. 

Distance 

of 
Object 

Elevation. 

Time 

of 
Flight. 

Lengths 

of 
Fuze. 

Distance 

of 
Object. 

Elevation. 

Time 

of 
Flight 

Lengths 
Fuse. 

yds. 

o          / 

StfCB. 

ins. 

yds. 

o         / 

sees. 

ins. 

100 

0     11 

0-30 

0-15 

2,100 

5     58 

7*10 

8*80 

200 

0     25 

0-60 

0-80 

2,200 

6     19 

7-50 

4*00 

300 

0     89 

0*90 

0-50 

2,300 

6     40 

7*85 

400 

0     58 

1*25 

0-65 

2,400 

7       1 

• 

8*20 

500 

1       8 

1-60 

0-85 

2,500 

7     22 

8*60 

600 

1     23 

1-90 

1-00 

2,600 

7     43 

8*95 

700 

1     88 

2-25 

1-20 

2,700 

8       4 

9*30 

. 

800 

1     53 

2*60 

1-35 

2,800 

8     25 

9*70 

900 

2       9 

2*90 

1-65 

2,900 

8     46 

10*05 

1,000 

2     26 

3«25 

1-76 

3,000 

9       7 

10*40 

1,100 

2     44 

3*60 

1-90 

3,100 

9     28 

10*80 

1,200 

8       8 

3-95 

2-10 

3,200 

9     49 

11*20 

1,300 

3     22 

4*30 

2*30 

8,300 

10     10 

11*55 

1,400 

3     41 

4-65 

2-50 

3,400 

10     32 

11*90 

1,.500 

4       0 

5-00 

2-70 

3,500 

10     54 

12*35 

1,600 

4     19 

6-35 

2*85 

8,600 

1,700 

4     38 

5-70 

8*05 

3,700 

1,800 

4     67 

6-00 

8*25 

3,800 

« 

1,900 

5     16 

6*85 

8*45 

3,900 

2,000 

5     87 

6-70 

1 

8*65 

1 

4,000 

426 


Range  Table  for  25-pr.  Rifled  M.L.  Gun  of  18  Cwr. 


Based  on  Practice  of  February  and  Jalj  1876. 

Minutes  32,768,  33,604. 

Charge,  4  lb.  R.L.6. 

Projectile,  common  and  shrapnel  shell,  26  lbs. 


Mean  Elevation  due  to  each  100  Tarda  of  Bange,  by  Interpolation. 

Distance  of 
Object 

1 

Time  of 
Flight. 

Tenths     of 
Fuze. 

Distance  of 
ObsJect. 

• 

1 

Time  of 
Flight 

Tenths     of 
Fuze. 

Distance  of 
Object 

• 

§ 

Time  of 
Flight. 

Tenths     of 
Fufe. 

yds. 
100 

o         / 

0     8 

0*28 

^.^ 

yds. 
2,600 

6  12 

sees. 
8  12 

15*5 

yds. 
5,100 

200 

0  18 

0-47 

I 

2,700 

6  Z3 

8*50 

16 

5,200 

800 

0  28 

0-71 

1-5 

2,800 

6  54 

8*88 

17 

5,800 

400 

0  88 

0-96 

2 

2,900 

7  17 

9*26 

18 

5,400 

500 

0  49 

1*22 

2-5 

3,000 

7  40 

9*64 

18*5 

5,500 

600 

1     0 

1-39 

8 

8,100 

8    3 

10*03 

19 

5,600 

700 

1   12 

1*86 

3*5 

3,200 

8  26 

10*42 

20 

5,700 

• 

800 

1  24 

2*14 

4 

3,300 

8  50 

10*82 

5,800 

900 

1  86 

2*42 

5 

3,400 

9  15 

11*23 

5,900 

1,000 

1  49 

2-71 

5*5 

3,500 

9  42 

11*65 

6,000 

1,100 

2     8 

3*00 

6 

3,600 

10    9 

12*07 

6,100 

MOO 

2  16 

3*30 

7 

8,700 

10  86 

12*49 

6,200 

1,800 

2  SO 

3*61 

7-5 

3,800 

11     4 

12*92 

6,300 

1,400 

2  45 

3*92 

8 

3,900 

11  32 

18*35 

6,400 

1,500 

3     1 

4*25 

8*5 

4,000 

12     0 

18-78 

6,500 

1,600 

8  17 

4*58 

9-5 

4,100 

6,600 

1,700 

8  38 

4*91 

10 

4,200 

6,700 

1,800 

3  49 

5*25 

10-5 

4,300 

6,800 

1,900 

4     4 

5*60 

11 

4,400 

6,900 

2,000 

4  20 

5*95 

11-5 

4,500 

7,000 

2,100 

4  87 

6*30 

12 

4,600 

7,100 

2,200 

4  55 

6-65 

18 

4,700 

7,200 

2,800 

5  18 

7-01 

13*5 

4,800 

7,300 

2,400 

5  82 

7-38 

14 

4,900 

7,400 

9,500 

5  52 

7*75 

15 

5,000 

7,500 

• 
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Range  Table  fob  16-pb.  R.M.L.  Gun  of  12  Cwr. 


Charge,  3  lbs. 
Projectile,  common  or  shrapnel  shell. 


Meui  Elevation  due  to  each  100  Tardi  of  Baoge,  by  Interpolation.                              ^— 

Distance 

of 
Object. 

Eleva- 
tion. 

Time 

of 
Flight. 

Lengtha 
Fuze. 

Distance 

of 
Object. 

Eleva- 
tion. 

Time 

of 
Flight. 

Lengthi 
Fuse. 

Tenths 

of 
Fuse. 

Bange. 

Tenths 

of 
Fuse. 

Bange. 

yds. 

o      t 

sees. 

ins. 

yds. 

o       / 

sees. 

ins. 

yds. 

yds. 

100 

0    0 

0*26 

005 

2.100 

438 

6*26 

1*26 

1 

200 

U 

1.876 

200 

0    0 

0*60 

010 

2.200 

4  61 

6*60 

1*30 

1*6 

286 

12 

2,020 

300 

0    7 

0-76 

0*16 

2.800 

6  10 

6*96 

1*40 

2 

890 

18 

• 

2,166 

400 

0  19 

1*08 

0*20 

2,400 

6  80 

7*82 

1*46 

2-6 

486 

14 

2;M)6 

600 

081 

1-80 

0*26 

2.600 

6  60 

7*69 

1*65 

3 

076 

16 

2,446 

eoo 

044 

1*68 

0*30 

2.600 

6  10 

8*06 

1*60 

3*6 

666 

16 

^680 

700 

0  67 

1*86 

0*86 

2.700 

680 

8*44 

1*70 

4 

765 

17 

2,716 

800 

1  10 

2-16 

0*40 

2300 

6  61 

8*82 

1-76 

4*6 

840 

18 

2346 

900 

1  24 

2*44 

0*60 

2.900 

7  12 

9*21 

1*86 

6 

926 

19 

2,976 

1.000 

1  88 

2-78 

0*66 

8.000 

788 

9*60 

1*95 

6-5 

1,010 

20 

3.100 

uoo 

1  62 

802 

0*60 

8.100 

766 

10*0 

2*00 

6 

1.006 

21 

8320 

1.900 

2    6 

3-82 

0*66 

3.200 

8  17 

10*41 

2*10 

6*5 

1,176 

28 

3336 

1400 

221 

8-68 

0*76 

8.800 

889 

10*83 

2-16 

7* 

1,286 

28 

8,460 

1<400 

2  86 

3*94 

0*80 

8.400 

9    1 

11*26 

2*26 

7*6 

1.885 

24 

3,666 

1.S00 

2  61 

4*26 

0-86 

8.600 

928 

U*70 

2*86 

8 

1.416 

26 

3380 

1.600 

8    7 

4*68 

0*90 

3,600 

946 

1214 

2*45 

8*6 

1.406 

26 

8,790 

1.700 

8  28 

4*90 

1*00 

8,700 

10    9 

12-59 

2*65 

9 

1,676 

27 

3396 

1.800 

840 

5*23 

1*06 

8.800 

10  83 

13*04 

2*60 

9*6 

1.660 

28 

8,996 

1.900 

8  67 

6-66 

1*10 

8.900 

10  67 

13*60 

2*70 

10 

1.725 

2.000 

4  18 

6*90 

1*20 

4,000 

11  22 

13*96 

2*80 
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Raivgb  Tablb  for  12-pb.  Rifled  B.L.  Gun  of  8  Cwr. 


Charge,  1  lb.  8  ozs.  B.L.6.  powder. 
Projectile,  segment  shelL 


Mean  Elevation  due  to  each  100  Tarda  of  Range,  by  Interpolation. 


Distance 

of 
Object. 

Elevatioa 

Time 

of 
Flight 

Lengths 
of  Fuse. 
£.Time. 

Distance 

of 
Object 

ElcTation. 

Time 

of 
Flight 

of  Fuse. 
£.  Time. 

ydi. 

o 

/ 

aecs. 

ins. 

yds. 

0 

/ 

sees. 

ins. 

100 

— 

— 

— 

2,100 

5 

86 

6*95 

8*50 

soo 

0 

10 

0-60 

0*25 

2,200 

5 

57 

7*40 

3*70 

300 

0 

18 

0-90 

0*45 

2,300 

6 

19 

7*80 

3*90 

400 

0 

27 

116 

0*60 

2,400 

6 

43 

8*25 

4*00 

500 

0 

42 

1-45 

0*70 

2,500 

7 

9 

8-75 

600 

0 

58 

1-75 

0*85 

2,600 

7 

36 

9*25 

700 

1 

14 

2-05 

1*05 

2,700 

8 

4 

9*75 

800 

1 

32 

2*40 

1*20 

2,800 

8 

83 

10-25 

900 

1 

50 

2-75 

1*40 

2,900 

1,000 

2 

8 

3- 05 

1-65 

3,000 

1,100 

2 

26 

3*40 

1*75 

3,100 

1,200 

2 

44 

8-70 

1'90 

3,200 

1,300 

8 

2 

4-05 

2-05 

3,300 

1,400 

8 

20 

4-40 

2*20 

3,400 

1,500 

8 

89 

4-75 

2*35 

3,500 

1,600 

8 

58 

5'10 

2-55 

3,600 

1,700 

4 

17 

5*45 

2*75 

3,700 

1,800 

4 

86 

5*80 

2*95 

3,800 

1,900 

4 

56 

6*20 

3*15 

8,900 

2,000 

5 

16 

6*60 

3*30 

4,000 

429 


Bangs  Table  fob  9-pb.  Rifled  M.L.  Gun  of  8  Cwr. 


Charge,  1  lb.  12  ozs.  R.L.G.  powder. 


Mean  Elevation  due  to  each  100  Yards  of  Range, 

by  Interpolation. 

Fuze  Scale. 

Distance  of 
Object. 

• 

.2 

Time  of 
Flight. 

Lengths  of 
Fuze. 

Distance  of 
Object. 

• 

§ 

1 

Time  of 
Flight 

Lengths  of 
Fuze. 

Tenths  of 
Fuze. 

• 

to 
a 

Tenths  of 
Fuze. 

1 

• 

yds. 

o       / 

sees. 

yds. 

o        / 

sees. 

yds. 

yds. 

100 

0    o' 

0-25 

2,100 

5     2 

6-50 

0 

0 

11 

1,835 

200 

0     6 

0'50 

2,200 

5  24 

6*90 

1 

200 

12 

1,965 

300 

0  14 

0-80 

2,800 

5  47 

7-80 

1-5 

800 

13 

2,095 

400 

0  26 

1-05 

2,400 

6  10 

7-70 

2 

400 

14 

2,225 

500 

0  89 

1-35 

2,500 

6  84 

8-10 

2-5 

500 

15 

2,855 

600 

0  52 

1-70 

2,600 

6  59 

8-50 

3 

600 

16 

2,475 

700 

1     5 

1-95 

2,700 

7  25 

8-90 

3-5 

700 

17 

2,595 

800 

1   18 

2-25 

2,800 

7  52 

9-80 

4 

800 

18 

2,705 

900 

1  31 

2-55 

2,900 

8  20 

9*80 

4-5 

880 

19 

2,810 

1,000 

1  44 

2-85 

3,000 

8  48 

10-30 

5 

960 

20 

2,910 

1,100 

1  57 

8-20 

3,100 

9  18 

10*80 

5-5 

1,085 

1,200 

2  12 

3-55 

3,200 

9  49 

11-40 

6 

1,110 

1,300 

2  28 

3-85 

3,800 

10  21 

1200 

6-5 

1,185 

1,400 

2  45 

4-15 

8,400 

10  53 

12-70 

7 

1,260 

1,500 

3     2 

4-45 

3,500 

11  27 

18-45 

7-5 

1,335 

1,600 

3  20 

4-75 

3,600 

8 

1,410 

1,700 

3  38 

5-10 

3,700 

8-6 

1,485 

1,800 

3  58 

5*45 

8,800 

1 

9 

1,555 

1,900 

4  18 

5-80 

3,900 

9-5 

1,625 

2,000 

4  40 

6*15 

4,000 

1 

10 

1,695 

* 

Case  shot,  800  yards  »  I**. 


Bakss  Tabu  fos  9-pb.  Bitlbd  BX.  Gdh  or  6  Cwt. 


Clwrge,  1  lb.  2  OKS.   B.L.G.  powder. 
Prcgeetile,  Kgrnent  shell. 


HMD  ElerUJoD  dae  to  <acb  intt  Tiiili  nf  Ttingr.  hj  IntuninUtinn 


DitianM 

of 
OVject. 

ElCTBtkn. 

■nme 

of 
Flight 

Fuse. 

DistMCc 

of 
Object. 

lime 

of 
Flight. 

Fdh. 

ru. 

.      , 

»M. 

... 

yd.. 

c      ' 

.e«. 

i^ 

100 

- 

- 

9,100 

6  as 

J'40 

8:«5 

soo 

0      IS 

0 

6S 

0 

a 

8.800 

6     so 

7-80 

3-85 

soo 

0    ss 

0 

9S 

0 

40 

8,800 

7     17 

8-85 

4'00 

«0 

0    41 

1 

S9 

0 

95 

8,400 

7    47 

8-70 

500 

.» 

1 

eo 

0 

75 

8,500 

e   19 

9-15 

600 

1     IB 

1 

95 

0 

90 

8,600 

8    59 

9-6& 

700 

1     ST 

19 

05 

9,700 

800 

1     K 

60 

95 

8.800 

»00 

,„ 

99 

40 

8,900 

1,000 

a  34 

SS 

Gfi 

3,000 

1,100 

9    03 

60 

75 

8.100 

MOO 

8     IS 

99 

SO 

3,800 

1,300 

3     31 

30 

10 

8,300 

1.400 

S     51 

69 

SS 

8.400 

i.aoo 

4     .2 

05 

4S 

8,500 

1,800 

4     33 

40 

65 

8,600 

!.700 

4     M 

75 

80 

3,700 

1,800 

5     IS 

19 

00 

3,800 

1.900 

S     3B 

55 

SO 

3,900 

2,000 

6       1 

00 

4S 

4.000 
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Ranob  Table  fob  7-pb.  Rifled  M.L.  Steel  Gun,  150  Lbs. 


Charge,  4  ozs.  F.6.  powder 
Projectile,  double  shell. 


Mean  Elevation  due  to  each  100  Yards  of  Range, 

by  Interpolation. 


8 


I 


9i^ 
1° 


a 
o 


a 


ydf, 

100 

200 

300 

400 

500 

600 

700 

800 

900 

1,000 

1,100 

1,200 

1,300 

1,400 

1,500 

1,600 

1,700 

1.800 

1,900 

2,000 


o       / 

1  18 

2  45 

4  12 

5  47 
7  26 
9  12 

11  4 
13  6 
15  14 
17  25 
19  42 
22  10 
25  0 
27  55 
80  55 
34  7 
37  37 


«>  bo 


sees. 


0-76 


1-50 


2*25 


3*04 


3-84 


4'67 


5' 52 


6*40 


7*35 


.8*80 


9*33 


10*42 


11*60 


12*86 
14*23 


15*72 


17*83 


00 

I 


4> 


^(N 


§ 


4) 


.a  csi 


Fuze  Scale. 


o 

ii 


m. 
0*15 
0-25 
0*40 
0*55 
0*70 
0-85 
1*00 
1  15 
1*35 
1*50 
1*70 


ydf. 
2,100 
2,200 
2,300 
2,400 
2,500 
2,600 
2,700 
2,800 
2,900 
3,000 
3,100 


1-90    3,200 


2*10 


2*35 


2*60 


2*85 


3*15 


3,300 
3,400 
3,500 
3,600 
8,700 
3,800 
3,900 
4,000 


1*5 


2*5 

3 

3*5 

4 

4*5 

5 

6*5 

6 

6'5 

7 

7*5 

8 

8-5 

9 

9*5 
10 
11 


yds. 
75 
110 
150 
185 
225 
260 
300 
335 
370 
405 
440 
475 
510 
545 
576 
605 
640 
670 
705 
765 


12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

SO 

SI 

32 


yds. 

825 

885 

940 

995 

1,050 

1,100 

1,150 

1,200 

1,250 

1,295 

1,340 

1,385 

1,425 

1,465 

1,505 

1  540 

1,575 

1,610 

K645 

1,680 

1,710 


482 


Bjuiqb  Table  for  7-pr.  Riflbd  M.L.  Stekl  Ouk,  150  Lbs. 


Charge,  6  oes.  F.G.  powder. 
Projectile^  common  sheU. 


Mean  Eleration  doe  to  each  100  Yards  of  Range, 

by  Intezpolation. 


i 


H 


•s 


a 


Poie  Scale. 


I 


ydt. 

0   / 

100 

0  26 

SOO 

0  50 

900 

1  19 

400 

1  54 

500 

2  29 

600 

3  5 

700 

3  44 

800 

4  25 

900        5     9 


1,000 
1,100 
1,200 
1,800 
1,400 
1,500 
1,600 
1,700 
1,800 
1,900 
2.000 


5  54 

6  41 

7  30 

8  21 

9  15 

10  14 

11  15 

12  21 
18  30 
14  44 
16     0 


leos. 
0*4 
0-9 
1-3 
1-8 
2-3 
2-8 


8*8 

4-3 

4-9 

5*4 

6*0 

6-6 

7-2 

7-9 

8*6 

9*3 

10*0 

10*7 

11*4 


int. 
0-05 
0*15 
0*25 
0*30 
0*40 
0*50 
0*60 
0*70 
0*80 
0*90 
1*00 
1*10 
1-20 
1*30 
1*45 
1*55 
1-70 
1-80 
1*95 
2*05 


ydfl. 
2,100 
2,200 
2,800 
2,400 
2,500 
2,600 
2,700 
2,800 
2,900 
3,000 
3,100 
3,200 
3,800 
3,400 
3,500 
3,600 
3,700 
8,800 
3,900 
4,000 


1 

1*5 
2 

2*5 
3 

3*5 
4 

4*5 
5 

5*5 
6 

6-5 
7 

7*5 
8 

8*5 
9 

9*5 
10 


ydB. 
130 
190 
250 
310 
370 
425 
480 
535 
590 

« 

6^15 

700 

755 

810 

865 

915 

965 

1,015 

1,065 

1,120 


11 
12 
13 
14 
15 
16 
17 
18 
19 


yds. 
1,215 
1,305 
1,395 
1,475 
1,555 
1,685 
1,715 
1,795 
1,875 


20  !  1,950 

21  2,025 
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Range  Table  for  7-pr.  Rifled  M.L.  Bronze  Gun,  200  Lbs, 


Charge,  4  ozs.  F.6.  powder. 
Projectile,  double  shell. 


• 

Mean  Elevation  due  to  each  100  Yards  of  Range, 

by  Interpolation. 

Faze  Scale. 

Distance  of 
Object. 

• 

1 
1 

Time  of 
FUght 

Lengths  of 
Fuze. 

Distance  of 
Object. 

• 

§ 

i 

Time  of 
Flight. 

Lengths  of 
Fuze. 

Tenths  of 
Fuze. 

1 

Tenth*  of 
Fuze. 

• 

yds. 

o      / 

sees. 

ins. 

yds. 

yds. 

yds. 

100 

0  26 

0-65 

0-15 

2,100 

1 

85 

15 

1,090 

200 

1  24 

1-29 

0-25 

2,200 

1-5 

130 

16 

1,150 

300 

2  30 

1-96 

0-35 

2,300 

2 

170 

17 

1,205 

400 

3  36 

2*69 

0-45 

2,400 

2-5 

210 

18 

1,260 

.500 

4  44 

3-43 

0-60 

2,500 

3 

255 

19 

1,310 

600 

6     3 

4-20 

0-75 

2,600 

8-6 

295 

20 

1,860 

700 

7  27 

4-97 

0-90 

2,700 

4 

335 

21 

1,405 

800 

8  58 

5-77 

1-05 

2,800 

4-5 

375 

22 

1,445 

900 

10  36 

6-61 

1-20 

2,900 

5 

415 

23 

1,485 

1,000 

12  31 

7-48 

1-35 

3,000 

5-5 

455 

24 

1,520 

1,100 

14  31 

8-38 

1-50 

3,100 

6 

490 

25 

1,555 

1,200 

16  44 

9'34 

1-70 

8,200 

6-5 

530 

26 

1,585 

1,300 

19  18 

10-42 

1-90 

3,300 

7 

565 

27 

1,615 

1,400 

22     6 

11-59 

2-10 

3,400 

7-5 

600 

28 

1,645 

1,500 

25  14 

12-96 

2-35 

3,500 

8 

635 

29 

1,670 

1,600 

28  53 

14-62 

2-65 

3,600 

8-5 

670 

30 

1,695 

1,700 

33  16 

16-76 

305 

8,700 

9 

705 

31 

• 

1.720 

1,800 

39  15 

19-62 

3-55 

3,800 

9-5 

740 

32 

1,740 

1,900 

3,900 

10 

775 

33 

1,760 

2,000 

4,000 

11 
12 
13 
14 

840 

905 

970 

IjOSO^ 

34 
85 
36 

1,780 
1,795 
1,810 
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BAxaK  Table  fob  7-pb.  Rifled  M.L.  Bbonze  Guk,  200  Lbs. 


Charge,  8  oss.  F.6.  powder. 
Projectile^  common  shell. 


Mean  Eleymdon  doe  to  each  100  Yards  of  Bange, 

by  Interpolation. 


Fuze  Scale. 


§ 


St*: 


o 


g 


S 


& 


u 


yda. 

100 

800 

300 

400 

500 

600 

700 

800 

900 

1,000 

1,100 

1,200 

1,300 

1,400 

1,500 

1,600 


0  IS 
0  29 

0  47 

1  6 
1  26 

1  48 

2  11 

2  36 

3  3 

3  31 

4  0 

4  81 

5  5 

5  41 

6  19 
6  59 


1,700    7  41 


1,800 
1,900 
2,000 


8  25 

9  11 
9  59 


0*36 
0-76 
1-17 
1-58 
2*00 
2*42 
2*85 
3*30 
3*76 
4*23 
4*70 
5*18 
5*67 
6*17 
6*68 
7. 20 
7*74 
8*30 
8*86 
9*48 


ina. 
0-05 
0*15 
0*20 
0-30 
0«35 
0*45 
0*50 
0*60 
0*65 
0*75 
0*85 
0*95 
1*00 
1*10 
1-20 
1*30 
1*40 
1*50 
1-60 
1-70 


yds. 
2,100 
2,200 
2,300 
2,400 
2,500 
2,600 
2,700 
2,800 
2,900 
3,000 
3,100 
3,200 
3,300 
8,400 
3,500 
3,600 
3,700 
3,800 
3,900 
4,000 


o   / 

10  49 

11  40 

12  33 

13  27 

14  23 

15  21 

16  21 

17  23 

18  27 

19  82 

20  39 


10-02 
10-63 
11*26 
11*90 
12*54 
13-20 
13*88 
14*58 
15-30 
16*04 
16*80 


ins. 

1-80 

1*90 

2-00 

2*15 

2*25 

2*35 

2-50 

2*60 

2*75 

2*85 

3-00 


yds. 

1 

150 

1-5 

220 

2 

290 

2-5 

355 

3 

420 

3-5 

485 

4 

550 

4-5 

615 

5 

680 

5-5 

745 

6 

810 

6-5 

875 

7 

985 

7-5 

995 

8 

1,055 

8*5 

9 

9*5 
10 
11 


1,115  , 

I 

1,175  j 
1,280  I 
1,285 
1,400 


2 

3 

4 

5 

6 

7 

8 

9 

20 

21 

22 

28 

24 

25 

26 

27 

28 

29 

80 


yds. 

1,510 

1,615 

1,715 

1,815 

1,915 

2,015 

2,110 

2,200 

2,290 

2,380 

2,470 

2,555 

2,640 

2,720 

2,800 

2,875 

2,950 

8,025 

3,100 
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Ranob  Table  fob  7-pr.  SteAl  Rifled  M.X^.  Gun  of  200  Lbs. 


Based  on  Practice  of  25/8/76. 

Minutes, 

Charge,  12  ozs. 

Projectile,  common  shell.    Weight,  7^  lbs. 


Mean  Eleration  due  to  each  100  Yards  of  Range,  by  Interpolation. 

<M 

<M 

«M 

|«M 

*ts 

*& 

1  <» 

«M 

o 

• 

o 

o 

o 

• 

o 

o 

o 

■ 

o 

Distance 
Object. 

a 
o 

1 

Time 
Flight. 

Lengths 
Fuse. 

Distance 
Object. 

§ 

> 

Time 
Iilight. 

^1 

Distance 
Object 

1 

Tenths 
Fuze. 

• 

yds. 

O       / 

sees. 

yds. 

o      / 

sees. 

yds. 

100 

0  18 

0-31 

2,600 

11  30 

11-05 

5,100 

1 
1-5 

160 
240 

200 

0  36 

0*62 

2,700 

12  13 

11-65 

5,200 

2 
2*5 

820 
400 

SCO 

0  54 

0-93 

2,800 

1^  56 

12-25 

5,300 

3 
3-5 

475 
550 

400 

1   12 

1-24 

2,900 

13  43 

12-85 

5,400 

4 
4*5 

625 
700 

500 

1  30 

1*57 

3,000 

14  30 

18-46 

5,500 

5 
5*5 

770 
840 

600 

1  49 

1-90 

3,100 

15  21 

14-09 

5,600 

6 
6*5 

910 
975 

700 

2     9 

2-26 

3,200 

16  12 

14-74 

5,700 

7 
7-5 

1,040 
1,105 

800 

2  30 

2-62 

3,800 

17     8 

15*46 

5,800 

8 
8*5 

1,170 
1,230 

900 

2  51 

2*98 

3,400 

18     4 

16*14 

5,900 

9 
9*5 

1,290 
1,350 

1,000 

3   13 

3-34 

3,500 

19     4 

16-84 

6,000 

10 
11 

1,410 
1,530 

1,100 

3  36 

3-71 

3,600 

20     4 

17  54 

6,100 

12 
13 

1,640 
1,750 

1,200 

4     0 

4-08 

3,700 

21     8 

18  24 

6,200 

14 
15 

1,860 
1,960 

1,300 

4  24 

4*52 

3,800 

22  12 

18  94 

6,300 

16 
17 

2,060 
2,160 

1/iOO 

4  48 

4-96 

3,900 

23  18 

19  66 

6,400 

19 
19 

2,260 
2,350 

1/»00 

5  16 

5-40 

4,000 

24  24 

20  40 

6,500 

20 

2,440 

1,600 

5  44 

5-84 

4,100 

6,600 

1,700 

6  14 

6*32 

4,200 

6,700 

1,800 

6  42 

6-80 

4,300 

6,800 

1,900 

7   14 

7-30 

4,400 

6,900 

2,000 

7  46 

7-80 

4,500 

7,000 

2,100 

8  19 

8-31 

4,600 

7,100 

2,200 

8  52 

8*82 

4,700 

7,200 

2,300 

9  30 

9-35 

4,800 

7,800 

2,400 

10     8 

9-88 

4,900 

7,400 

2,500 

10  49 

10-46 

5,000 

7,500 
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Rangk  Table  fob  7-pb.  Stbbl  Rifled  M.L.  Gun  of  200  Lbs. 


Based  on  Practice  of  25/8/76. 

Minutes, 

Charge,  4  oz. 

Projectile,  doable  shell,  12  lbs. 


Mean  Eleration  doe  to  each  100  Yards  of  Range,  by  Interpolation. 

'S 

• 

•s 

^ 

•s 

• 

•s 

'S 

•s 

• 

■8 

•tance 
Object 

g 

me 
Flight 

J3  «^ 

Distance 
Oliject. 

i 

|l 

litance 
Object. 

1 

• 

B 

Q 

a 

e    1 J 

s 

S 

JS 

|5 

H 

H 

s 

yds. 

o      / 

sees. 

yds. 

yds. 

100 

2,600 

5,100 

1 
1*5 

160 
240 

200 

2,700 

5,200 

8 
2*5 

320 
400 

300 

2,800 

5,300 

3 
3*5 

475 
550 

400 

2,900 

5,400 

4 
4-5 

625 
700 

500 

3,000 

5,500 

5 
5-5 

770 
840 

600 

3,100 

5,600 

6 
6*5 

910 
975 

700 

3,200 

5,700 

7 
7*5 

1,040 
1,105 

800 

8,300 

5,800 

8 
8-5 

1,170 
1,230 

900 

3,400 

5,900 

9 
9-5 

1,290 
1,350 

1,000 

13     0 

7-05 

3,500 

6,000 

10 
11 

1,410 
1,530 

1,100 

14  48 

7*93 

3,600 

6,100 

12 

13 

1,640 
1,750 

1^00 

16  36 

8-85 

3,700 

6,200 

14 
15 

1,860 
1,960 

1,800 

18  38 

9-77 

3,800 

6,300 

16 
17 

2,060 
2,160 

1,400 

20  48 

10*60 

3,900 

6,400 

18 

2,860 

19 

2,350 

1,500 

28  10 

11-70 

4,000 

6,500 

20 

2,440 

1,600 

25  48 

12*80 

4,100 

6,600 

1,700 

28  50 

14*0 

4,200 

6,700 

1,800 

32  26 

15*40 

4,300 

6,800 

1,900 

86  24 

17*0 

4,400 

6,900 

2,000 

44     0 

18*6 

4,500 

7,000 

2,100 

4,600 

7,100 

2,200 

4,700 

7,200 

2,800 

4,800 

7,300 

2,400 

4,900 

7,400 

2,500 

5,000 

7,500 
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Air,  resistance  of,  to  projcctilcB  ---.,_    33I 
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B. 

Ballistic  power  of  guns  --------    324 

Bar  copying      --------_     123 

iron,  its  manufacture  -  -  -  -  -  -  -113 

„      for  heaviest  guns,  forgeil         -  -  -  -  .  -113 

scarfing  and  welding  -  -  -  -  -  -  -114 

rifling,  its  movements  of  rotation  and  translation    -  -  -  -122 

Barlow,  Professor,  theory  as  to  circumferential  tensions  -  -  -       23 

Barrels,  solid  forged,  used  for  R.B.L.  and  some  R.M.L.  guns     ...     130 
Bashforth's  chroiioscope,  and  experiments  with  -  -  -  -     331 

„  formula  for  resistance  of  air,  and  examples  as  to    -  -  332,  833 

„  tables  -------  347-354' 

Bearers,  shot  R.B.L.  guns         -------     141 

„  „     R.M.L.    „-.-----     205 

M     HM»r-       ».  -. 243 

Beil  crank  lever  a><  used  in  machinery  ------     108 

Belts  or  bands  „  „------     106 

Bevil  wheels  „  ,,----.-     106 

Binding  slabs  in  a  forging  -  -  -  -  -  -  -116 

Bit,  vent,  Armstrong  B.L.  guns  -  -  -  -  -  -141 

„       „     S.B.  guns      -  -  -  -  -  -  -  -71 

Blocks,  wood,  taking  impressions  ------    296 

Blomefield,  C.I.  S.B.  guns         -  -  -  -  -  -  -       64 

Blooms,  puddled  and  wrought  iron        -  -  -  -  -  -113 

Blueing,  operation  of-  -  -  -  -  -  -  -     315 
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BoK,  powder  prestiire  in,  how  meatored  -  .  .  .         336, 387 

„     R.B.L.,  di£ferent  diameters  of     -  -  .  .  .  .  '  132 

,.     RJ4.L.  end  of,  marked  on  upper  sorface  of  gun  -  .  -  '188 

„         „        length  to  be  considered  -  -  .  .  .  .39 

„         „        powder  pressure,  attempts  at  redaction  in  .  .  -     40 
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„      operation  of     -  -  -  -  .  -  -120,121 
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Brass  Foundry  at  Woolwich  Arsenal,  1717-  -  -  -  -GS 

Breech  coils  for  heavy  guns,  manufacture  of     -  .  .  .  -116 

coil,  7-inch  R.M.L.,  manufacture  of       -  -  .  .  -    172 

fittings,  preparation  of  R.B.L.  guns  for  -  .  -  .131 

„       for  R.B.L.  guns  -  -  .  .  .  -     132 

„  „       table  of,  and  weights     -  -  .  .  .  .150 

loailing,  its  defects  and  advantages        ....  33-39 

piece  K.B.L.  guns,  forged  --....     130 

abolished  in  present  construction  .  -  .  -31 

screw,  manufiicture,  material,  thread  and  pitch  of  -  -  134, 135 

„  „       marks  on  -  -  -  -  .  -  -  '  135 

Britten*s  and  JeflFrey*s  rifling   --.--..60 
Brittleness,  definition  of,  as  applied  to  metals    .....        2 

Broiiching,  operation  of  .  -  -  -  .  .  -121 

Bronze,  properties  of,  as  a  gun  mctnl    --....        5 

„      S.B.  ordnance,  and  manufacture  of        -  -  .  .  62-C5 

for  foreign  rifled  ordnance  ......        q 

manufacture  of  K.M.L.  9-pr.  of-  -  -  .  .  -6, 80 

Austrian,  Italian,  French,  and  Russian  experiments  with  -  -        G 

„      improvements  in,  for  gun  construction  ...  -5 

„      phosphor  ---.....( 

Bronzing,  operation  of-  .  -  .  .  .  .  .    315 

Browning  ........  -315 

Building  up,  systems  of  gun  construction  by    -  -  -  .  26-33 

Bushes,  breech,  iron  7-inch  R.B.L.  gun  .....     142 

„       copper,  R.B.L.  „  -  .  .  .  -    142 

vent      -  - 54,55,66,185,239 

piece  copper,  R.B.L.  guns        -  -  -  -  -    142 

Bushing  R.B.L.  guns     -  -  .  .  -  .  - 182, 304-306 

„  „      7-inch  guns,  doubled  bushed    -  -  -  -  -     132 
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c. 

Calibre  of  rifled  guns,  considerations  which  determine  the        -  -  .      39 

„        Service  R.B.L.  and  R.M.L.  pieces  -  .  .  -  166  292 

Cams,  use  of,  in  machinery     .^  -  -  .  .  .  .     107 

Carronades,  when  introduced,  &c.         .....       53^  55^  35 

Cartridge,  length  of,  abnormal  pressures  due  to  -  ...      40 

Cascablc  screw,  with  what  guns  used    -  -  .  -  .  -167 

„  „       its  manufacture  -  -  .  .  .  113,181 

,,  „      fitting,  screwing  in,  and  securing  -  -  .  -    182 

Cast  iron  guns,  manufacture  of  --....      62 

„      ordnance,  classification  of-  -  -  .  .  -63 

„  „        natures  in  service    -  -  -  -  .  -      72 

»  „        venting  of  -------       67 

Centring  of  projectile  --.....43 

„      operations  in  manufacture       .....  120,121 

Chambers,  enlarged,  object  of  -  -  .  .  .  39 ,40 

„         R.B.L.  guns  -  -  -  -  -  -  -     132 

„         R.M.L.    „    conical,  why  required  -  -  -  -     182 

„         S.B.  pieces  ----...64 

Change  wheels,  as  used  in  machiner}'  -  -  -  -  .  -107 

Chase  sights      -  -  -'.  .  .  .  .  191,  199 

Chronograph,  Lc  Boulenge,  employment  of      -  -  .  -  325-331 

,)  „  detailed  description  ot'       -  •  -  364*366 
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Cbronascope,  Bashforth's          -            -            -           -           -           •  -331 

„          NobIe*8     •            -            -            -            -            -            -  340-344 

Clamps,  metal,  for  wood  scales,  R.M.L.  -----    2O6 

„        moveable,  tangent  sights         -  -  -  .      140-142, 207, 244 

Clamping  arrangements  for  sights         -            -            -            -            -  -139 

Clinometers  and  their  use          -            -            -            -            -            -  191, 203 

Coils  and  coiling,  manufacture  of          -            -            -            .            _  113-116 

„    breech  7-inch  K.M.L.,  manufacture  of      -             -            -            -  -     172 

„    heavier  used  for  Fraser  construction         -            -            -   .         -  -      31 

„    prepared  for  uniting          -            -            -            -            -            -  -117 

Coins,  graduated  for  S.S.           -            -            -            -            -            -  -70 

Collar,  cast  iron,  for  converted  guns      ------    238 

„      leather,  for  12-pr.  B.B.L.  breech  screws            -            -            -  -     142 

Compression,  testing  amount  of            -            -            -            -            -  -110 

due  to  shrinking               -            -            -            .            .  -      28 

Committee,  Armstrong  and  Whitworth              -            .            -            -  79-90 

1866.     M.L.  V.  B.L.            -             -             -             -             -  -       80 

„          1868.     Guns  for  India        -            •            -            -            .  -      80 
„          1869.    High  angle  fire        ------      82 

„          1869.     On  explosives          -            -             -             .             -  -       94 

„          1870.     Special,  B.L.  or  M.L.  field  guns      -            -            -  -      80 

„          1871.     On  mitrailleurs       -            -            -            -            -'  -      d2 

Condie's  hammer           -            -            -            -            .            .            .  -108 

Cone  pulleys  used  in  machincr}'             -            -            -            -            -  -     107 

Condemnation,  provisional,  of  gun        -            -            .            -'           -  300-303 

Construction,  original  or  Armstrong      -            -            -            -            -  30, 92 

„            lYaser      -            -            -            -            -            .            .  31,93 

Converted  guns,  comparison  with  S.B.  pieces     -            -            -            -  104 

„             „    manufacture  of            -----  -    237 

Conversion  of  S.B.  mortars  to  rifled  pieces,  attempted  -            -            -  -      87 

Coppering  R.B.L.  guns             ------  304-307 

Copying  bar  for  rifling  machine             -            -            -            -            -  -     1 23 

Cranks  used  in  machinery         ------  107,108 

Cross  head  for  vent-pieces         -            -            -            -            -            -  -113 

Crusher  and  cutting  plugs,  use  of          -             -             -             -            -  344, 345 

Crutch  iron       -            -            -            -            -            -'-            -  -     142 

Cups,  tin,  for  R.B.L.  guns         -------    232 


D. 

Deflection,  permanent,  angle  of,  ascertained      -  -  -  .  -      56 

„         angle  of,  for  R.M.L.  guns  -  -  -  -  .  214,215 

„         theories  as  to-  -  -  -  -  -  -56 

Defects  at  proof,  impressions  presen-ed  -  -  -  -  -     186 

exterior,  on  guns,  little  importance  of  -  -  -  -         303,  304 

how  noted  in  returns  ------     ogg 

„     in  S.B.  guns      --------     295 

„     large  exterior,  noted  on  examination  memo.    -  -  .  -    304 

„     in  Rifled  guns  -------  298,  299 

„     in  steel  A.  tubes  -------     299 

„    in  vents,  and  sentence  -------    300 

„     in  wrought  iron  A.  tubes  ------     298 

Denmark,  employment  of  C.I.  for  Ordnance     -----        8 

Derrick,  muzzle  --------    207 

„  „      how  fixed         -------    375 

Designation  of  S.B.  ordnance    -  ------64 

Rifled-       „---.--  166,292 

Dickson's  S.B.  guns      --------C3 

Double  bush  in  7-inch  B.L,  guns  -4-  -  -  -  -132 

Drawings,  working        -  -  -  -  -  -  -  -127 

Drilling,  operation  of   -  -  -  -  -  -  -  -     125 

„      for  sights  R.M.L.  guns  -  -  -  -  -  -187 

Drip  hole,  R.B.L.  guns  -  -  -  -  -  -  -132 

Driving  side  of  groove  --------43 
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,  definition  o^  m  appfied  to  aetjl*      ...  .  .       3 

orvfungfat  iron  .....  ..9 
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jcKting  coQTerted  pinii  ... 

i!         inMnim<;nt  far  U-B.L.  )niii!<     - 

„        plates,  wotid  -  .  -  . 

„        R.BX>  gum.  ileflectioD  allowed 

H.M.L.    „  ... 

.,        S.lt.  (irdnnuce,  tools  for         - 
Sights,  angle  rjf  iJ.Traanyni  dffloi.-iioii  of,  in  rifletl  onli 
„       bnrrfl-hoiidcd,  for  ll.B.L.  gnus 
„  „  „  „    gmiluatioii* 

„      blueing  and  bronzing    -  ■  . 
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„  .,  „  ,,    l{.M.L.  guns 
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„  clunpiug  nrrangemeot  for 

„  clamps,  moveable 

„  drilling  of  aocketn,  B.MX.  guuK 

„      fore,  adjuslinp  7-pi..  S-P'^i  n™l  in-pr. 
„      ffoiit  or  fore,  (,'L-Drnillj 

,.       lt.M.I..^iinR 
„      gradaations,  ubore  or  billow  lit-inch  nuliun 
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L.a.  and  S.S.  for  Tt.B.L.  gunE'  - 
„         „  „     sliding  leaf,  ILli.L.  guns 

„      presertalion  on  service  - 
„      recmngular  steel  bars  R.B.L.  guns 
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„    ndjustmenl 

tangent,  HU-pr.,  5  to 

C4-pr.,  71  c 


leaf  01 
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.,  „      Mark  I.  and  npnardii  R.B.L. 

R.M.L, 

„  IS'pr.  and  T-ineh,  73  cwt.  B.L,,  bar  i 
trunnion  80- pr.,  a  tons,  and  6-1 -pr.,  71  cwtl,  ci 
S.B.  ordnance  -  -  -  . 

Millar's - 
„  „  „      adjustment  of    - 

]t.M,L,  guns,  Monorieff 

„  .,  „        how  used  and  adjusted 
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„         „      bow  used 
Slabs,  manufacture  of  - 
Slides,  tangent,  wood  or  bnua,  S. 
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Slots,  vent 
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ABMBB    8TBBB-OTB     OF     8WBBBB-     ABB     BOBVAT.     By 

Cai)t.  W.  S.  CooKK.  22nd  l^•J!imcnt..  D.A.Q.M.G.    With  Map.    Price  lis.  0;/. 
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